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CONSIDERATIONS ON CELL-LINEAGE AND 
ANCESTRAL REMINISCENCE, 


BASED ON 


A RE-EXAMINATION OF SOME POINTS IN THE EARLY DEVEL— 
OPMENT OF ANNELIDS AND POLYCLADES. 


: EpmuNnp B. WILSON. 
(Read December 13, 1897.) 


Five years ago I observed in the embryos of two polyche- 
tous annelids, Aricia fetida (Clap.) and Spio fulginosus (Clap.), 
* that the two so-called “primary mesoblasts”’ bud forth a pair 
- of extremely minute superficial cells near the posterior lip of the 
blastopore before giving rise to the mesoblast-bands." Scarcely 

__ larger than polar bodies, these cells lie at or near the surface at 
_ the posterior margin of the entoblast-plate, wedged in between 
the latter and the primary mesoblasts (Fig. 1, 4, C, ¢; Fig. 2, 
_A, é, e); and in this position they are carried into the interior 
during the ensuing invagination. I could not determine their 

~ fate, and found no evidence that they underwent growth or di- 
_ vision, or that they took any part in the building of the embryo. 
In Nereis, however, I found that this pair of rudimentary cells 
was represented by a group of not less than six or eight some- 
what larger cells (Fig. 1, 5, D; Fig. 2, 5), formed in exactly 
the same way and in the same position,’ and further that these 


ad 17892, p. 458. 21892, p. 411. 
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cells were functional in development, giving rise to a definite 
part of the body, though, as will appear beyond, I fell into 
error regarding their precise fate." These facts strongly sug- 
gested that the pair of rudimentary cells in Avicia and Spio 
were to be regarded as vestiges of an ancestral type of devel- 
opment in which they were represented by a group of larger 
functional cells, such as are still found in the embryo of JVerers. 
Such a conclusion, if it could be established, would possess an 
importance for the general problems of cell-lineage even greater 
than its interest for the more special problems of annelid em- 
bryology. For if vestigial structures may appear in ontogeny 
in the form of single cells, the fact would not only afford a 
striking illustration of the inadequacy of all so-called ‘ mechan- 
ical’’ explanations of cleavage-forms, but would supply a very 
important datum for the estimation of the cell-theory as applied 
to development. : 

The results of a re-examination of the history of these small 
cells in Verezs, taken in connection with other recent studies in 
cell-lineage, lend strong support to the conclusion indicated 
above, enabling us, as I believe, to give a definite interpretation 
to the vestigial cells of Avicta, Spio and other forms in which 
they have recently been observed ;* and they also raise some 
interesting further questions regarding ancestral reminiscence in’ 
cell-lineage. I am also able to contribute some new observa- 
tions on the cell-lineage of a polyclade (Leptoplana), which bear 
directly on these questions and considerably extend their range. 


1 Von Wistinghausen (1891) had previously observed in Merets Dumerilit, a group 
of small cells derived from the ‘‘second somatoblast,’’ which probably correspond 
with those I have described in WV. imbata and N. megalops, though their exact origin 
was not followed. Wistinghausen believed that they gave rise to a part of the 
ectoblast—a result wholly different from both my earlier account and the present one. 

? Minute cells exactly corresponding in origin and number to those of Avicia have 
been found by Mead in Amphitrite (1894, p. 467 ; 1897, p. 247) and by Holmes in 
Planorbis (1897, p. 101). Lillie has found a pair of corresponding but slightly 
larger cells in Unio (1895, p. 27), while in Clymenella they are as large as the pri- 
mary mesoblasts (Mead, 1897, p. 264). The corresponding cells in Umbrella 
(Heymons), Crepidula (Conklin), and Physa (Wierzejski) will be referred to be- 
yond (see pp. 6, 11-12). 
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THE RELATIONS BETWEEN MESOBLAST AND ENTOBLAST IN 
ANNELIDS AND MOLLUSKS. 


In JVereis, as in the typical development of other annelids and 
of gasteropods and lamellibranchs, the mesoblast-bands are de- 
rived from the posterior cell of the fourth quartet of “ micro- 

-meres.”! This cell, now generally known as the second somato- 
blast, divides into two symmetrical halves which have been usu- 
ally designated as the ‘‘ primary mesoblasts ;” and from them, by 
a series of slightly unequal successive divisions, arise the meso- 
blast-bands which extend forward in the cleavage-cavity at the 
sides of the embryo. Before giving rise to the mesoblast-bands, 
however, the “primary mesoblasts’’ bud forth the small cells 
already referred to, at or near the surface directly behind the 
two posterior macromeres “C” and ‘“D.”’ At least six, and 
probably not less than ten, of these cells are formed, the primary 
mesoblasts meanwhile sinking below the surface and becoming 
quite covered by ectoblast-cells which advance from the sides 
and from behind. The small cells first formed lie at the surface, 
wedged in between the “ primary mesoblasts’”’ and the macro- 
meres|{Fig: 1, D, ¢; Fig. 2, B,). Those formed ~ later lie 
below the surface, owing to a change in the plane of division 
(Fig. 3, 4). The small cells, which are very conspicuous in 
sections by reason of their intensely chromatic, closely reticu- 
lated nuclei, thus become arranged in a thin plate extending 
inwards from the surface between the primary mesoblasts and 

the two posterior macromeres (Fig. 3, 6). After the formation 
of the small cells the divisions of the primary mesoblasts sud- 

- denly change both in form and direction, the plane of division 
being now nearly or quite at right angles to the former (2. ¢., 
approximately parallel to the sagittal plane of the embryo) and 

the cells thus produced being nearly as large as the primary 
1 Nereis is somewhat exceptional in the fact that the other three cells of the 
fourth quartet are suppressed. In Arica, Polymnia, Spio, Pysgmobranchus, Hy- 
droides, Polygordius (all of which I have examined), and in some others, the fourth 


quartet, is complete, and in the first two forms named, a fifth quartet of (entoblastic) 
- micromeres is formed before the invagination (Cf. Fig. 2, 4). 
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Fic. 1.1 Early embryos of Avicia (A, C) and Nereis (B, D) in sagittal section 
(A, B, C, optical, D, actual). Showing the formation of small posterior 
entoblasts (e) between JZ and D. 

A, B, D, 64, cells of the entoblast-plate (cf. Fig. 2); JZ, the “‘ primary mesoblast ;’”_ 
m, mesoblast-band ; X, the first somatoblast or its derivatives, forming the soma- 
tic plate. 


mesoblasts. Thus are formed the mesoblast-bands which form 
together a V-shaped mass of cells lying between the macromeres 
and the overlying ectoblast. Near the middle line the two 
halves of the V are often slightly separated; and into the space 


7 All the figures are from camera drawings, made from preparations* unless other- 
wise stated. Optical sections have been fully confirmed by actual. 
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thus formed some of the small cells usually extend, appearing 
in sections in the sharpest contrast both to the large rounded 
mesoblast-cells and to those of the lateral ectoblast (Fig. 3, C). 
From this point the mesoblast-bands extend towards the sides 
and ultimately curve upwards (forwards with respect to the 
~ adult long axis) at the sides of the embryo." 


Al 


Fic. 2. Corresponding surface views, from the lower pole, of early embryos of Aricia 
(A) and Nereis (B) ; the limit of the ectoblast, 2, ¢., the lip of the blastospore, 
is shown by the heavy line. A shows the single pair of vestigial entoblasts (e, 
e) of Avicia lying in front of the primary mesoblasts which are dividing to form 
the mesoblast-bands (cf. Fig. 1, C, which, shows the same specimen in sagittal 
section). B shows two pairs of superficial entoblasts, lying ‘behind the macro- 
mere D, and the spindles of a deeper budding of the ‘‘ primary mesoblasts’’ (cf. . 
Fig. 3, A, for section of this stage). 


BAC, , te four basal entoblasts or macromeres; a‘—c4, the fourth quartet of 


«‘ micromeres ’’ (entomeres); @-d°, the fifth quartet (entomeres) ; c3—d@3, deriva- 
tives of the third quartet (ectomeres) ; 7, AZ, the primary mesoblasts (shaded in 


B). 


Up to this point the account here given is substantially the 


same as that contained in my earlier paper on Nereis. Regard- 


-1In Avicia the mesoblast-bands are formed much earlier, while the primary meso- 
blasts still lie at the surface (Fig. 1, C); and they lie at first side by side, nearly 
parallel to each other, extending upwards behind the entoblast-plate (Fig. 7). In 
both these respects Avicéa is somewhat similar to Lambricus (Cf. Wilson, Embry- 


ology of the Earthworm, Fig. 30: Journ. Morph., 1889). 
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ing the fate of the small cells, however, my first account was 
wide of the mark; for I believed that they migrated into the 
interior and spread out upon the walls of the archenteron to 
form a part of the splanchnic mesoblast.' I accordingly called 
the small cells “secondary mesoblast”’ and applied the same 
term to the rudimentary cells of Aviciaand Spio. Later studies 
by several observers seemed to confirm this conclusion. Lillie 
found in Umo a single pair of small superficial cells, budded 
forth from the “primary mesoblasts” exactly as in Avicia or 
Nereis, but relatively larger, which he likewise believed to 
wander into the cleavage-cavity to form a part of the mesoblast.2 
Heymons found in Umbrella two pairs of corresponding but 
still larger cells, which he, too, apparently traced into the meso- 
blast. Mead found that a corresponding pair of minute cells, 
in Amphutrite are carried in at the tips of the mesoblast-bands * 
while Holmes still more recently states that in Planorbis they 
enter the segmentation cavity.° Wierzejski’s recent observations 
on Fhysa,° though differing from the foregoing in some impor- 
tant details, agree in referring the small cells, of which several 
pairs are formed, to the mesoblast. With such an array of 
confirmatory evidence my original conclusion seemed to be 
strongly supported. Conklin, however, in his remarkable paper 
on Crepidula, reached a wholly different result, finding in that 
gasteropod that cells which probably correspond with the small 
cells of Nereis, give rise to the posterior part of the archenteron.? 
In regard to Nereis, I have long suspected that my original 
account of the’ fate of the small cells was erroneous. A re- 
newed examination of the matter has left no doubt that such 
was the case, and gives the strongest ground for the conclusion 
that, like the corresponding cells in Crepidula, they enter into 
the formation of the archenteron. The evidence for this con- 
clusion is as follows: 

In my earlier paper on Nereis I overlooked the fact that, be- 
sides the small cells derived from the “primary mesoblasts,”* 


1 Nereis, p. 413. 51897, p. Ior. 
21895, p. 28. 81897, p. 389. 
31893, p. 281. 41897, 'p: 71: 
41897, p. 248. : 
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other closely similar cells are formed, just in front of them dy 
budding from the macromeres. These cells agree closely with 
those derived from the “ primary mesoblasts” both in size and 
in the close reticulation and intensely chromatic character of 


Fic. 3, Nereis. Sections of successive stages in the formation of the entoblast-plug 
and mesoblast-bands in embryos of /Verers (actual sections, Flemming’s fluid; C is 
tranverse, the others sagittal). Lettering as before. A shows a deep budding of 
M (cf. Fig. 2, B); B, later stage showing group of small cells (e) derived from 
M; ©, still later stage, nearly transverse, showing the mesoblast-bands (7, 7) 
and the group of small cells (e) below; D, budding of the posterior macromere, 
D; E, recession of the entoblast-nuclei; F, first appearance of the pigment in the 


small cells. 
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their nuclei. The first of them to be formed are budded forth 
at the surface near the lower pole at a time when the “ pri- 
mary mesoblasts ”’ have budded three or four times (Fig. 3, D). 
Those produced later do not reach the surface, the macro- 
mere-nuclei receding from the surface and leaving below them 
(towards the surface) a closely packed mass or plug of small 
cells (Fig. 3, £), the more anterior of which have been de- 
‘rived from the macromeres, and, therefore, are unquestionably 
of entoblastic origin,! while the more posterior have been 
derived from the ‘primary mesoblasts.’”’ This plug is bor- 
dered in front and at the sides by the ectoblast-cells of the lips 
of the blastopore, which has now become much diminished in 
size, while posteriorly it abuts superficially against the ecto- 
blast-cells of the somatic plate (derivatives of “d?2” or “ X,- the 
first somatoblast) and at a deeper level against the primary 
mesoblasts (Fig. 3, £). In the cells of this plug are now de- 
veloped coarse granules of black pigment (Fig. 3, /), by means 
of which they are so unmistakably marked that their later his- 
tory may be followed step by step with great accuracy. ‘Thus 
arises the pigment-area at the lower pole of the trochophore 
larva, described in my first paper on Nereis? 

In that paper I concluded that the pigment-cells were derived 
solely from the “ primary mesoblasts,”’ having overlooked the 
fact desctibed above that a part of them, and probably the 
greater part, are derived from the macromeres (entomeres). [ 
reached the further conclusion that the pigment-cells wandered 
into the interior and spread out upon the wall of the archenteron 
to form a part of the splanchnic mesoblast. Renewed studies 
demonstrate the erroneous nature of this latter conclusion, and 
prove that the pigment-cells sive rise to the posterior part of the 
archenteric wall itself. Both in total preparations and in serial 
longitudinal sections* of the Successive stages, every step can 


1 These cells are obviously comparable to the entoblast-cells of the fourth and . 


fifth quartets (and later entoblast-derivatives) in other annelids, In Nereis they 
show no definite arrangement. 

1892, pp. 412, 417. 

3 Nereis, p. 413. 

*The best results were obtained with strong Flemming’s fluid. 
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be followed of the progressive inwandering of the pigment-cells 
(Fig. 4) to form the narrower posterior part of the pear-shaped 
archenteron, while the anterior part is developed from the four 
macromeres (entomeres) as is proved by the fact, among oth- 
ers, that the fat-drops are found lying in its wall. There is no 


possibility of mistaking the fact that the pigment-cells actually 


form the archenteric wall, for their outlines can easily be seen 


‘Fic. 4, NEREIS. Sagittal sections of larvee. A, trochophore (60 hours), showing 
inwandering of the pigmént-cells at the lower pole; stomodzeum and neural plate 
at the right; “B, larva of 4% days, showing the pigment-cells at p. 


and the pigment-granules are found throughout the whole thick- 


z ness of the wall (Fig. 4, 8). The pigment-cells are, therefore, 
not mesoblastic, but are extoblast-cells. 


In so far as the pigment-cells are derived from the macro- 


“meres (entomeres), this is exactly what we should expect. 


That cells derived from the ‘ primary mesoblasts”’ should 


enter into the formation of the archenteron is however a sur- 


prising result ; and it is, therefore, highly important to make 
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certain, first whether the pigment-cells are in part identical with 
or descended from the small cells budded forth from the 
“primary mesoblasts,” and second, whether, if this be the fact, 
the cells of such origin also wander in to forma part of the 
entoblast. A careful study of the successive stages in surface 
views, optical sections, and actual serial sections hardly leaves 
room for doubt in regard to either point. In the first place, 
pigment is developed in the smali cells that abut directly 
against the primary mesoblasts (Fig. 3, #), and the products 
of the latter form so considerable a group that it would hardly 
be possible to overlook their displacement or wandering away 
did such a process occur before the appearance of the pigment. 
I can find no evidence of such displacement and hence cannot 
escape the conclusion that the pigment-cells lying just anterior 
to the primary mesoblasts have been derived from them. The 
evidence on the second point, while perhaps not demonstrative, 
is hardly less convincing. The pigment-cells disappear from 
the surface pari passu with the growth of the archenteron; and 
when the latter is fully formed (in embryos of five days and 
upwards) not a trace of pigment can be found at the surface or 
in any of the cells of the posterior region ‘save those of the 
archenteron. That the superficial pigment-cells actually pass 
inwards is proved by the fact that from its first appearance the 
pigment is densest in two (sometimes three) symmetrical areas 
which are first seen at the surface and may then be traced pro- 
gressively inwards in the archenteric wall. 

Taken together, these facts leave no doubt, in my opinion, 
that the pigment-cells are derived in part from the primary meso- 
blasts, in part from the entomeres, and that the cells from both 
sources give rise to a portion of the archenteric wall and to no 
other structure. If this conclusion be correct, it follows that 
the “primary mesoblasts” are not properly so-called, but are 
mesentoblasts, precisely as Conklin has described in Crepidula. 
Now, there can be no doubt that the single pair of minute cells 
in Arvicia and Spio represent the group of cells of like origin in 


1Cf. 1892, Figs. 79-91, which show this fact, through not as clearly as it appears 
in my more recent preparations. 


oon: 
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Nereis. They must, therefore, be regarded as vestiges of func- 
tional entoblast-cells such as those of Nereis, and morphologically 
they represent the posterior part of the entoblast-plate' (Cf. Fig. 1, 
me rig. 2, A). 
The foregoing interpretation is entirely in harmony with 
~Conklin’s important discoveries in the gasteropod Crepidula. 
Conklin here definitely showed, for the first time in any animal,” 
that the so-called “primary mesoblasts ” give rise to a group of 
entoblast-cells before dividing to form the mesoblast-bands. 
But more than this, Crepzdula represents a step in the series 
which may be regarded as anterior to the condition found in 
"Nereis ; for here each mesentoblast divides off two entoblast- 
‘cells, the bulk of which taken together is actually greater than 


_ that of the mesoblastic material remaining, ‘less than half the 


“found by the first named observer, in Uno, are somewhat larger 
“than those of Wereis;* while in Clymenella as described by 


cell (4d) being destined to form mesoblast.’”* The three forms 
Crepidula, Nereis, Aricia, thus form a progressive series in which 


the entoblastic part of the mesentoblast cell is reduced from 
more than half the bulk of the cell to an insignificant vestige. 
“It is probable that two intermediate steps besides Nereis have 


“been observed by Lillie and Mead respectively. The two cells 


Mead, they are equal in size to the mesoblastic moiety.’ 


1Jt would be interesting to determine whether the vestigial cells of Avécza may 
not be taken into the archenteric wall and thus still retain their functional signifi- 


i cance. I have not thus far been able to determine this point; but Mead’s obser- 


2 


vations on Amphitrite seem to show that in this form such is not the case, for the 


_ vestigial cells are here formed so far from the surface that they pass into the cleavage- 
= cavity and are carried forwards at the tips of the mesoblast-bands. Mead himself 


concludes that their position in Amphitrite is secondary, being a ‘‘ reminiscence of 


a surface division which still persists in many forms’’ (1897, p. 295) I would sug- 


_ gest that their position in Amphitrite may be due to the early inwandering of the ‘ pri- 


mary mesoblasts.’’ It is not surprising that a vestigial cell of this kind should vary 


~ somewhat in position ; and it should be recalled that in (Vereds the later-formed cells 
lie at some distance below the surface. In Aricia, too, the vestigial cells do not 
always reach the surface. 


.2 Compare, however, the somewhat similar earlier accounts of Patten for Patella 
(1896) and Stauffacher for Cyclas (1893). See Conklin, p. 7I. 
3 Crepidula, p. 69. 
4 Unio, Fig. 60. 
51807, Fig. 88. 
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Neither of these observers, it is true, suggests the interpretation 
given above, Lillie somewhat doubtfully assigning to the super- 
ficial cells the same fate as I originally did in Verets, while 
Mead leaves the matter undetermined. It seems probable, 
however, that we may look for the same fate for these cells as 
in Crepidula or Nereis,’ indeed I venture to think that Lillie’s 
observations are themselves open to such an interpretation.” 

These facts, I believe, support the view which has been held 
by many embryologists from the time of Kowalevsky onwards? 
that the primary mesoblasts, or mesoblastic pole-cells of an- 
nelids and mollusks must be regarded as derivatives of the 
archenteron. In both these groups the primary mesoblasts are 
derived from the posterior cell of the fourth quartet of ‘ micro- 
meres,” the lateral and anterior cells of which are, so far as we 
know, strictly and always entoblastic. The facts indicate, fur- 
ther, that a progressive process of differentiation in cleavage has 
been going forward, through which the posterior cell of this 
quartet has become more and more strictly given over to the 
formation of mesoblast. The vestigial cells of Aricia, Spio, 
Amphitrite and Planorbis would seem to represent the last traces 
of such archenteric origin of the teloblasts ; and it is possible, 
indeed probable, that. there are cases in which even these traces 
have disappeared, the posterior cell of the fourth quartet being 
strictly mesoblastic from the first.4 

1Conklin has fully considered ( Crepidula, p. 72) the apparently contradictory 
case of Umbrella, as described by Heymons (1893), where cells exactly corre- 
sponding to the ‘ posterior enteroblasts”’ of Crepidula are described as giving rise to 
mesoblast. Despite Heymon’s careful account, I venture to think that the case de- 
mands re-investigation in the light of Conklin’s work. In a recent account of the 
mesoblast in Physa (1897), Wierzejski finds that small cells («*mesoderm-micro- 
meres’’ ) are budded forth not only from the ‘ primary mesoblasts’’ but also from the 
larger lateral cells derived from them. All these cells are assumed to be meso- 
blastic, though their fate was not followed out (1897, p. 391). 

2 Unio, Fig. 67. 

°Cf. Kowalevsky, 1871, Pp. 30; O. and R. Hertwig, 1881, p. 47. Hatschek, 


1888, P 76; Rabl, 1889, p. 207, and earlier literature there cited: 
*This point must remain doubtful until renewed investigation shall show 


upon an oversight. 


— 
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The bearing of this conclusion on the possible relation be- 
tween the teloblastic and enteroccelic modes of mesoblast-for- 
mation is obvious. This question will, however, appear in a 
clearer light after a consideration of the polyclade cell-lineage: 
in relation to the foregoing results. 


De 


Tur MICROMERE-QUARTETS IN ANNELIDS, MOLLUSKS AND 
POLYCLADES. 


_ The marvelously close resemblance in cell-lineage between: 
“the annelids, gasteropods and lamellibranchs which recent re- 
search, more especially within the last five years, has brought 
to light, leaves no doubt not only that the general forms of 
cleavage in these groups are reducible to a common type, but 
also that a considerable number of more or less definite cell- 
~ homologies can be established between them, even in the early 
- cleavage-stages. The attempt to extend the comparison beyond 
the limits of these groups has, however, thus far encountered a 
- yery serious stumbling-block in the cell-lineage of the poly- 
clades. If we accept Lang’s view, which is supported by a 
large amount of evidence, that the platodes are not very far 
removed from the ancestral prototype of annelids and mollusks,. 
we should expect to find in the polyclade a mode of cleavage 
to which that of the higher forms can in its main features be 
reduced. In point of fact, however, this seems to be the case 
~ only in the form of cleavage and not, so to speak, in its swbstance ; 
for, although the general type of cleavage and the arrangement. 
of the blastomeres in the polyclade shows an extraordinary re- 


semblance to that of the annelid or gasteropod, the cells seem. 


not to have the same morphological value. I have elsewhere 
sufficiently indicated the nature of this difficulty,t which has. 
~ also been remarked by a number of other writers; but for 
the sake of clearness I will again direct attention to its leading 
features. . 

1Nereis, p. 441; The Cell, pp. 314, 315- 
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In the typical development! of all the forms in question— 
polyclades, annelids, gasteropods, lamellibranchs—the egg first 
divides into four quadrants. From these at least three, and 


sometimes four or five regular quartets of cells—usually smaller, © 


and hence designated as ‘‘ micromeres ’’—are successively pro- 
duced by more or less unequal and oblique cleavages toward 


Fic. 5. Diagram showing the typical arrangement of the micromere-quartets in 
polyclades, annelids and mollusks (their secondary divisions being omitted). 
A, from the upper pole. B, diagram of the typical history of the posterior quad- 
rant of an annelid or gasteropod embryo ; ectoblast is derived from the unshaded 
cells (1, 2, 3), the mesoblast-bands from the dotted cell (4), ectoblast from the 
lined cells (5, D). 


the upper pole (diagram, Fig. 5). These quartets are dis- 
placed according to a definite law, the first being rotated, as it 
were, towards the right (clockwise), the second towards the 
left (anti-clockwise), the third to the right, and so on in regular 
alternation.2?. The secondary divisions of these micromeres also 


1 There are some well-determined exceptions to this mode of cleavage, and at least 


one of these—the case of Polycherus, as described by Gardiner, 1895—is apparently 
irreducible to it. 


The reversal of the direction of displacement in the sinistral gasteropods, dis- 
covered by Crampton, is an exception which emphasizes the rule. 
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show a remarkable similarity, in all the forms, up to a certain point. 
In morphological value, however, the micromere-quartets of the 
polyclade appear to differ radically from those of the annelid- 
mollusk type. Inthe former the first quartet is described as 
giving rise to the entire ectoblast, while the second and third 
" quartets are mesoblastic.* In the latter, on the other hand, 
these same three quartets give rise to ectoblast, while, as stated 
above, the main mass of the mesoblast is derived from a single 
cell (the posterior) of a fourth quartet of which the other three 
cells form entoblast (Fig. 5, 4). Ifa fifth quartet is formed it 
is invariably entoblastic (Fig. 2, A). 
At the time attention was first called to these differences it 
seemed hopeless to reconcile them. Later researches showed, 
however, that the discrepancy was not so great as it seemed. 
- Lillie first discovered in 1895 that in the lamellibranch Uo one 
cell (the left) of the second quartet give’ rise to mesoblastic ele- 
_ ments (the “larval mesenchyme’’)” and more recently Conklin 
~ has found a similar derivation of mesoblast-cells from three cells 
- (tight, left and anterior) of this quartet in the gasteropod Cre- 
_ pidula.? 
- It is clear that these interesting discoveries partially bridge 
the gap between the polyclade and the other forms; though 
- how great it still remains may be judged from the fact that 
‘Conklin still regarded the differences as ‘very great, perhaps 
irreconcilable,” * while Mead, in a still more recent work on the 
- cell-lineage of annelids, is forced into a position of skepticism 
regarding Lang’s whole account of the origin of mesoblast in 
_ the polyclade.’ 
For these and other reasons a re-examination of the early de- 
_ velopment of polyclades has become in the highest degree de- 
sirable: After a search extending through several years, I have 
at length succeeded in finding a form very favorable for this 
" purpose—a species of Leptoplana* having eggs that are large 
fe lang, 1884. 4 Crepidula, p. 196. 
2 Unio, p. 24. 51897, p. 289. 
3 Crepidula, p. 150. 
6 An undetermined species found in great profusion at Port Townsend, Washing- 
ton, on Puget Sound. 
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and transparent, are easily procurable in large numbers, and de- 
velop so slowly that the successive stages may be very accu- 
rately followed in life, while every point may be repeatedly 
verified in a large number of specimens. The results of a study 
of these eggs not only help still further to set aside the ap- 
parent contradiction between the polyclade and the annelid- 
mollusk type, but, when taken in connection with the foregoing 
observations on annelids and gasteropods, also raise some highly 
interesting questions regarding the relation of cell-lineage to an- 
cestral reminiscence. 

I shall not here describe the cleavage of Leptop/ana in detail, 
but will only indicate its leading features. Up to the thirty- 
two-cell stage, and for some distance beyond, the cleavage is a_ 
most beautiful example of the symmetrical spiral type, agree-_ 
ing very exactly with Discocelis as described by Lang, except- 
ing in the fact that in the four-cell stage the cross-furrow is 
inconstant and often wanting. The first three quartets of mi- 
cromeres are formed exactly as in an annelid, and have the 
same position and relative size as in Discocelis (Fig. 5, 4), while 
the four large cells remaining give rise to the archenteron. | 
Regarding the morphological value of these three quartets, 
however, my results differ very considerably from Lang’s and 
are such as to bring the polyclade cell-lineage into direct rela-_ 
tion with that of the annelid, gasteropod and lamellibranch.— 
As in these groups all three of the quartets give rise to ectoblast, 
the first and third apparently to ectoblast alone, though I am ~ 
not certain that the third quartet may not give rise also to a_ 
small modicum of mesoblast-cells. The principal interest — 
centers in the second quartet, from which, as Hallez, Gétte and; 
Lang have shown, the principal mass of the mesoblast is formed. — 
What these observers have failed to observe is the fact that each © 
cell of this quartet gives rise to several ectoblast-cells—at least _ 
three, and probably four—before sinking into the interior to — 
form mesoblast. These divisions are of constant form, as fol- — 
lows: During the fifth cleavage each cell divides unequally | 
towards the left as viewed from the side (2. e., clockwise, as seen f 
from above) to form an ectoblast-cell (‘2!”’) that abuts against a 
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_ Fic. 6, LEPTOPLANA. (Camera drawings from the transparent living embryos. ) 


A, 32-cell stage, from the upper pole; B, 36-cell stage, from the side, showing 
second division of 2; C, side view, approximately 60 cells, showing the third 
ectoblast cell (25) derived from 2, the fourth quartet (4) and the basal entoblasts 
(D, C). D, delamination of mesoblast in the fourth division of 2 (shaded), 
from the lower pole, showing the basal quartet of entomeres (4—D, and the two 
somewhat unequal cells (471, 4@?) formed by the vertical division of the poster- 
ior cell°of the fourth quartet. E, posterior view of ensuing stage, showing the 
two posterior mesoblast cells ( shaded) lying in the interior, and a marked in- 
equality between (4d1 and 4d 2), FP, later stage ; multiplication of the meso- 
blast-cells (shaded) equality of 4d} and 4@2, as in Descocalis. 
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cell of the third quartet formed about the same time (Fig. 6, © 
A).' The second division is nearly or quite horizontal, separat- 
ing a second ectoblast-cell (“27”) directly above the original 
or stem-cell (Fig. 6, B). The third ectoblast cell (“2°”), which 
is very small, is budded forth at the lower tip in the angle be- 
tween the macromeres (Fig. 6, C, D). The three cells thus 
formed (2', 2’, 23, Fig. 6) enter, as I believe, into the general 
ectoblast. At the fourth division the stem-cell divides unequally 
in a direction parallel to the surface, a large inner cell being de- 
laminated off from a smaller superficial cell (2*, Fig. 6, D). 
Lhe inner cell is forced into the angle between the two adjouning 
’ and forms one quadrant of the mesoblast; the 
outer cell flattens out at the surface and is, I believe, an ectoblast- 
cell, though Tam not entirely sure that it may not ultimately 
migrate into the interior to form mesoblast. The four primary 
mesoblast-cells thus formed rapidly multiply to form four 
groups of rounded granular cells (Fig. 6, /’) which may easily 
be seen for a long time through the transparent ectoblast and 
from which the greater part, if not all, of the adult mesoblast 
is derived. 

It is clear from these facts that the cells of the second quartet 
in the polyclade (7. ¢., in Leptoplana) are not purely mesoblastic, 
but are mesectoblasts. It seems equally clear that the formation 
of “larval mesenchyme” from certain cells of the second quartet — 
in Unio and Crepidula must be regarded as an ancestral remi- 
niscence or survival of the process that occurs in all four of the. 
cells in the polyclade, and it is an interesting question whether 
such a survival may not also occur in the embryos of annelids, 
A careful re-examination of Wereis with respect to this point has 
thus far yielded a negative result. In Avicia, on the other hand, 
it is probable that two mesoblast-cells arise from either the — 
second or third quartet, though the material at my command 
has not enabled me to reach a decisive result. At the stage shown 
in Figs. 1, C, and 2, 4, two large and very conspicuous rounded 
cells are found lying, one on either side, in the cleavage-cavity 
between the lateral ectoblast and the mesoblast-band (1, J, Fig. 


““ macromeres,’ 


1 Lang figures this division—PI. 35, Big. 5. 
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7) and slightly anterior to the latter. Sections show that these 
cells are budding forth smaller cells into the cleavage-cavity. I 
am nearly certain that these cells are not derived from the ento- 
blast ; and their position is such that an origin from the primary 
mesoblasts is improbable. They are often closely wedged in 
between the overlying ectoblast-cells, and all the appearances 
indicate that they have been derived from the latter. From 
their position I believe it probable that these cells have been de- 
rived from the two lateral cells of either the third or the second 


Fic. 7, Aricta. Frontal optical section! of early embryo of Avicia, showing the 
parallel mesoblast-bands (m, m) extending upwards from the primary mesoblasts, 
M, &M, behind the entoblast-plate (cf. Figs. 1, C and 2, A, which show the 
same individual in different positions). At the sides of, and slightly anterior to, 
the mesoblast-bands are the two mesoblast-cells (y, v) of probable ectoblastic 
origin. 


~ quartet—7. ¢., from derivation of c? and @%, or of c? and a? (Cf 
Fig. 2, A)—and that they accordingly are comparable to the 
“Jarval mesenchyme’”’ or “‘ secondary mesoblast”’ (7. ¢., the ecto- 
mesoblast) of Uno and Crepidula, Future investigation must 
determine whether this surmise be correct, and what is the ulti- 
"mate fate of these cells, but the facts give, I think, good reason 


1 Confirmed by actual sections. 
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to expect that the annelids will ultimately be shown to agree with 
the mollusks in showing reminiscences of the ancestral mode of 
development in the double origin of the mesoblast. 

Returning now to the mollusks, Wierzejski, in a recent pre- 
liminary paper (1897) states very explicitly that in Physa a 
. part of the mesoblast is derived from two cells of the “urd 
quartet. This result, if well founded, gives good reason to 
suspect that the third quartet may give rise to mesoblast in 
some of the polyclades, as Lang has maintained for Duscocelis. 
In Leptoplana 1 have sought carefully for evidence of such a 
process, but thus far without success. This negative result is, 
however, inconclusive owing to the difficulty of tracing the later 
history of the individual cells. The first division of the third 
quartet is vertical to the surface (Fig. 6, C) and in later stages I 
have thus far found no evidence that adelamination of meso- 
blast occurs. Soon after the delamination of mesoblast in the 
second quartet, all of the ectoblast-cells forming the lips of the 
blastopore become much flattened (Fig. 6, /), while the ecto- 
blast-cap rapidly extends downward, the blastopore finally clos- 
ing at or near the lower pole. In these stages the outlines of 
the thin ecoblast-cells are very difficult to see, either in life or in 
preparations, owing to the confusion produced by the underlying 
deutoplasm-spheres, now much increased in size, on which they 
are moulded. .The mesoblast now forms four groups of 
rounded granular cells conspicuously seen through the trans- 
parent outer cells. A study of the successive stages proves that 
the greater number of these are derivatives of the second quartet ; 
but the possibility remains that some additions may have been 
made from the third quartet. 

From the foregoing account it appears that the “ mesoblast ”” 
of the polyclade is derived from the ectoblast ; and it may, I 
think, be taken as a fair working hypothesis that this “ meso- 
blast” is represented in the mollusks, and probably also in 
some annelids by cells (‘larval mesenchyme,” etc.) derived from 
the second quartet (Unio, Crepidula, Aricia (?)) or perhaps in 


‘Confirmed by Holmes in the case of Planordis sin 


ol L ce the above was written. 
See Science, VI, No. 154. 
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‘some cases from the third quartet (Physa, Aricia(?)).'. Assum- 


ing this to be the case, what shall we say of the mesoblast- 
bands, which are in annelids and mollusks derived from the 
fourth quartet and which, as we have seen reason to conclude 
(p. 12), are probably to be regarded as derivatives of the primi- 
tive archenteron? The development of the polyclade suggests 
an answer to this question which is in harmony with the facts 
discussed in the first part of this paper. As earlier observers 
have shown, the fourth division of the “macromeres”’ in the 
polyclade is unequal, giving rise to four smaller cells at the 


lower pole of the embryo (A-D, Fig. 6, C-£), and to four much 


larger cells lying above them. From these eight cells, which 


are heavily laden with deutoplasm and differ entirely in appear- 
ance from the ectomeres and mesomeres, the archenteron is 
formed. With this Zeptoplana exactly agrees, and I can find 


no evidence that mesoblast-cells are formed from any of these 


eight cells. If now we judge solely by relative position without 


respect to size, the four larger cells or ‘“‘macromeres”’ (4-4) 


“correspond exactly with the fourth quartet of annelids and mol- 


lusks—in fact, they are relatively not very much larger than in 
some of the mollusks (e. g., Planorbis, ¢. Rabl, 1880). Lang 
discovered the remarkable fact that in Discocelis, as in so many 
of the latter animals, the posterior cell of these’ four di- 
vides long before the others ; and further, that this division is 
equal, giving rise to two symmetrically placed cells at the pos- . 


terior end of the embryo, while the ensuing divisions of the 


other_three cells of the quartet are unequal and irregular.’ 


‘ 


Mead* has pointed out the very remarkable resemblance of 
“these two cells in Discocelis to the “primary mesoblasts ” of 


-annelids and gasteropods and even goes so far as to suggest 


that they may give rise to mesoblast-bands in the polyclade. 
“My observations on Leptoplana lend no support to this sugges- 


‘tion, agreeing nearly with those of Lang on Discocalis save in 


1Edouard Meyer (1890, p. 299) has definitely compared the ‘‘ parenchyma”’ 


_ ({mesoblast) of the Turbellaria with the ‘‘ larval mesenchyme’? of the annelids, 


which he believes to have a different origin from the mesoblast-bands. 
2Cf. Lang, 1884, Figs. 17-20. 
31897, p. 289. 
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one noteworthy respect, namely, that the division of the pos- 


terior ““macromere”’ is variable, only rarely dividing equally 


(Fig. 6, #) and as a rule dividing unequally, giving rise to a_ 
smaller cell (4d”, Fig. 6, £) that is typically formed obliquely — 


towards the right as seen from the side (7. ¢., in a leiotropic or 
anti-clockwise spiral. From this it appears that the form of 
cleavage in the fourth quartet of Discocwlis, which agrees so 
exactly with that of the annelids and mollusks, appears as only 


an occasional variation in Leptoplana, though even here the 


posterior ‘‘macromere”’ is always the first to divide. 
As regards the fate of these cells, the inequality of 4@* and 


4d? (often very marked) is itself indirect evidence that they do 


not give rise to symmetrical mesoblast-bands as in the higher 
types and I find no evidence that either of them gives rise to 


mesoblast-cells. Both seem to have the same fate as the other — 
entoblast-cells, with which they exactly agree in deutoplasmic — 


structure, and enter into the formation of the archenteron as 
Lang has shown in the case of Déscocwlis. Can we neverthe- 


— few 


less regard them as homologous to, or rather as the prototypes — 
of, the primary mesentoblasts of the annelids and mollusks? — 


When we reflect on the facts, reviewed in the first part of this 
paper, we may hesitate to answer this question in the negative. 
For we have seen reason for the conclusion that the primary 
mesoblasts of annelids and gasteropods have arisen historically, 
_ as they arise ontogenetically, from the posterior part of the arch- 
enteron ; and we have traced the entoblastic elements of the 
posterior cell of the fourth quartet from a minute and apparently 
functionless vestige (Avicia) back to a group of large and im- 
portant cells (Crepidula). I think we should consider the pos- 
sibility, if only as a working hypothesis, that in ancestral types 
the entoblastic elements of the posterior cell of the fourth quartet 
1'Typically—z. ¢., in probably ninety per cent. of the cases observed, the division 
is markedly unequal—often much more so than in Fig. 5, Z. In a few cases the 
direction of division is reversed, the smaller cell, 4¢?2 being found towards the left 
(dexiotropic spiral). Sometimes the division is equal and vertical as in Discocelis 
more rarely it is horizontal and either equal or unequal. I believe all these varia- 
tions occur in normal embryos. A considerable time after the formation of 4d@2 the 


other macromeres begin to divide unequally and irregularly, and all the macromeres 
ultimately break up into smaller rounded cells, heavily laden with deutoplasm. 
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may have preponderated as greatly over the mesoblastic as the 
jatter now preponderates over the entoblastic in Aricia ; and that 
the beginning of the series may have been such a mode of develop- 
ment as still occurs in the polyclade where the entire quartet 
is entoblastic. Thus we are brought anew to the view which 
has been advocated by a number of morphologists, prominent 
among them Edouard Meyer, that the mesoblast-bands (ento- 
mesoblast) of the higher forms may have been of different origin 
phylogenetically from the “ larval mesenchyme’”* 

More specifically I would suggest that in the ancestral type 
the fourth quartet was strictly entoblastic ; that at a later period 
in the phylogeny the trunk-mesoblast (mesoblast-bands of higher 

types) took its origin from the posterior part of the archenteron, 
perhaps in connection with the development of a new body-region 
‘from the posterior part of the ancestral body ; and that as the 

cleavage became progressively specialized (7. e., assumed more of 
what Conklin has termed a “ determinate type’’) the seat of this 

mesoblast-formation became more and more definitely localized 
in the posterior member of the fourth quartet. The symmet- 
“xical division of this cell in the polyclade might accordingly be 
regarded as the prototype of that which occurs in the annelid 
or mollusk, though the resulting cells have in the latter 
forms acquired a different morphological significance. In other 
words the old building-pattern, still persisting more or less 
definitely in the polyclade, has been adapted to a new use® 
precisely as in the evolution of adult structures. 

I would distinctly repeat that these suggestions are offered only 
as a speculative working hypothesis ; yet, despite their hypothe- 
tical character, it seems to me that they may give a new point of 
attack upon some of the puzzling phylogenetic problems with 
which the study of cell-lineage has to grapple. 

11890, p. 299. 

2+Cf. Conklin, p. 151. 

3««Tmagine that in any species anew organ is added, or rather, that a diffuse 
series of structures gains great importance and compactness in the course of evolu- 
tion. Then this new structure may be represented in ontogeny by acell. But the 


form of cleavage is already defined. * * * The manufacture of a new cell be- 
ing an impossibility, an old cell must be modified to represent the new organ.’’ 


(Lillie, 1895, p. Si) 
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1 
On CELL—-LINEAGE AND ANCESTRAL REMINISCENCE. 


The phenomena shown in the history of the micromere-quar- 
tets in platodes, annelids and mollusks are, I think, of general in- 
terest in two directions. 

In the first place they render it highly probable, if they do not 
actually demonstrate, that development may exhibit ancestral 
reminiscence as clearly in the cleavage of the ovum as in the 
later formation of tissues and organs. That the rudimentary 
entoblasts of Aricia, Spio, or Amphitrite are such ancestral rem- 
iniscences seems almost as clear as that the yolk-sac of the 
mammalian embryo or the primitive streak of a bird-embryo are 
such; and the same may be said of the formation of mesen- 
chyme-cells from the second quartet in Unio or Crepidula 
These facts, among many others, may well give us hope that, 
when the comparative study of cell-lineage has been carried 
further, the study of the cleavage-stages may prove as valuable 
a means for the investigation of homologies and of animal rela- 
tionships as that of the embryonic and larval stages. The re- 
sults of experimental embryology have no doubt seemed ad- 
verse to such a conclusion, by showing how easily the cleav- 
age-stages may be altered by changes in. the conditions of 
development. But I cannot see that the embryonic and larval 
stages are in much better case. Certainly the modification of 
cleavage-forms which Driesch has effected in the echinoderm 
egg by pressure, temperature and the like, are hardly greater 
than those which Herbst has brought to pass in the gas- 
trular and larval stages of the same eggs through modification 
of the chemical environment. It is true that nearly related 
forms—for example the gasteropods and the cephalopods—may 
differ very widely in the form of cleavage ; but so they may in 
the embryonic and larval stages, and it may fairly be questioned 
whether “secondary modification” or “ coenogenetic change ”’ 
has gone further in one case than in the other. 


‘The term ‘‘ ancestral reminiscence’’ is here used to denote any feature of de- 


velopment, the meaning of which is only apparent in the light of earlier historical 
conditions, whether of the adult or of the embryo. 
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Recent advances in the study of cell-lineage have, it is true, 
_ raised some new apparent difficulties in the attempt to establish 
precise cell-homologies, even between nearly related forms! 
though I suspect that some of these will be found less serious 
than they now appear. Against these difficulties, however, 
may fairly be placed an increasing body of affirmative evi- 
dence,? and on this side may be ranged the observations re- 
corded in the present paper. We should, moreover, remember 
that just as the homologies of adult parts may be complete or 
incomplete in various degrees (as Gegenbaur long since urged), 
so cell-homologies may be more or less definite. Furthermore, 
"just as we cannot always find exact equivalents, in related forms, 
of the several sub-divisions of homologous nerves or blood- 
vessels or sense-organs, so we need not expect to find exact 
homologues for all the individual cells throughout ontogeny, 
The wonder is, indeed, that so many definite cell-homologies 
have been established. I believe the facts now known demon- 
strate the inadequacy of Hertwig’s too simple conclusion that the 
definite values of the blastomeres, and hence of the cell-homol- 
ogies based upon them, are merely an incidental result of the 
continuity of development,’ and that they do not leave without 
support the plea made five years ago in my paper on WVerets, for 
the study of cell-lineage as a guide to relationship.* 

In the second place, these facts seem on the whole to em- 
phasize the importance of cell-formation in development. The 
inadequacy of the cell-theory as applied to development has 
been very ably urged, especially by Whitman and by Adam 
Sedgwick ; and their conclusions, fortified by the epoch-making 
discoveries of Roux, Driesch and others on the development of 
isolated blastomeres, are of an importance that we are only be- 
ginning fully to realize. But the time has not yet come for a 
just estimate of the cell-theory in this aspect ; and it may well 
be questioned whether in the reaction against the cell-mosaic 
theory, as originated by Schwann, and developed with so much 

1Cf. Mead, 1897, and Child, 1897. 

2Cf. Conklin, 1897. 

8 Cf, the very effective criticism of Conklin, 1897, p. 191. 

4 1892, pp. 367, 455- 
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ingenuity by Roux and Weismann, the pendulum of opinion 
may not have swung too far towards the opposite extreme. 


The persistence in cleavage of vestigial cells (such as the rudi- | 


mentary enteroblasts of Avicia), or of vestigial processes in the 
formation of the germ-layers (as in the origin of the ‘“mesen- 
chyme” in Unio or Crepidula) adds to the evidence that the 
number and character of the cell-divisions stand in some direct 
and important relation to the differentiation-process ; and it 
would be difficult to explain such ancestral reminiscence in cell- 
lineage under any view which does not recognize in cell-out- 
lines the definite boundaries of differentiation-areas in the de- 
veloping embryo.!| The history of the posterior cell of the 
fourth quartet in annelids and gasteropods gives a clue to the 
process through which teloblasts and other determinate proto- 
blasts have arisen by progressive specialization ; and I think it 


lends support to the distinction drawn by Conklin’ between 


‘determinate’ and ‘indeterminate ”’ types of cleavage by show- 
ing some of the steps by which the former may have been 
acquired. . 

From a physiological standpoint the persistence of rudimen- 
tary cells in cleavage is a problem of high interest: which 
merges into the larger problem of ancestral reminiscence in 
general. When one considers the analogous case of the polar 
bodies, one is almost tempted to suspect that the formation of 
the rudimentary enteroblasts may be in some way connected 
with a definite transformation of the nuclear substance. It is, 
however, equally possible that the removal of the cytoplastmic 
substance of these cells may be a necessary condition of the 
differentiation of the mesoblastic material. 


ZOSLOGICAL LABORATORY OF COLUMBIA UNIVERSITY, 
December 4, 1897. 


1Cf. Wilson, 1893, p. 14. 
21897, p. 190. ; 
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AN “X-RAY DETECTOR,’ FOR RESEARCH 
PURPOSES. 


C. C. TROWBRIDGE. 


(Read November 2, 1896.) 


Tue “ X-ray Detector” is an instrument which has been de- 


_ signed and constructed for the study of fluorescence caused by 


Rontgen rays. It is a new form of the “ fluoroscope,” that ap- 
paratus which has been so generally used for the observation of 


* the shadow images cast by these rays. 


In its construction several devices were used to make it par- 


ticularly suitable for research purposes, and a name has been 
_ given it, in order that it might not be confused with the types 


; of the instrument previously constructed. 


5 


A description of the ‘‘ X-ray Detector” will be more clearly 
understood, if a brief reference is first made to the original forms 
of the “fluoroscope.” 

Shortly after the discovery of the X-rays, several investiga- 
tors independently perfected the method of using the fluores- 


cent screen, employed by Professor Réntgen in his first experi- 


ments with these rays, and devised an instrument for the study 


of the shadow pictures of this recently discovered form of en- 


ergy. 
Professor E. Salvioni, of Perugia University, Italy, and Pro- 


fessor William F. Magie, of Princeton College, in this country, 


"appear to have been the first to construct and use such appara- 
tus. Both were apparently working on similar lines of research 


and developed the same idea independently of each other. 


In apaper read before the Perugia Medico-Chirurgical Society 
on February 5, 1896, Professor Salvioni gave an account of 
an instrument, devised by himself, for the observation of X-ray 


shadow effects, in which he made use of the fluorescent screen. 


(29 ) 
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A short article by Professor Magie, describing a similar con- 
trivance, appeared in Zhe Medical News, of February 15th. It 


ran thus: “A sheet of black paper coated with platinum-bari- ~ 
cyanide, is placed with the coated side inward across the end of — 


a tube or box, into which the observer looks, and which is so 
fitted to the face or shielded by cloths that the phosphorescent 
substance and the eyes are protected from all extraneous light.” 
“Tf the tube be then directed towards the Rontgen rays, the 
phosphorescent paper in the tube glows and the shadows of 
objects interposed between it and the Crookes tube appear upon 
it.’ Professor Magie subsequently suggested that the name of 
“ skiascope’”’ (an instrument to show shadows) be given to the 
apparatus. 

About March 2oth, or a little over a month after the publica- 
tion of Professor Magie’s article in Zhe Medical News, the Edi- 
son fluoroscope appeared. It was essentially the same instru- 
ment as that described in Zhe Medical News, except, that the 
fluorescent substance, used by Mr. Edison to coat the screen, 


was tungstate of calcium, which had been adopted because it — 


was believed by him to have greater fluorescent properties than 
the barium platino-cyanide, and that it was provided with a bi- 
nocular eye-protector, made to fit close to the face and shut out 
all light from entering the apparatus at that end; thus allow- 
ing both eyes to be used to observe the screen. The instrument 
was furthermore made in a convenient form, and one which was 
considered desirable for commercial uses. The ‘“‘fluoroscope”’ 
or ‘‘skiascope”’ is very valuable for the observation of Rontgen 
ray shadows, and has already been of considerable assistance in 
a number of surgical operations, but it can only be used for ap- 
proximate tests in scientific research, and is entirely unfitted for 
certain investigations, for reasons which will be demonstrated 
below. 

Although in the greater number of investig’ations with Rént- 
gen rays the photographic negative should be used in order 
to obtain the most satisfactory results, there are a number of 
important experiments relating to the various phenomena of 
Crookes tubes which must be conducted by other methods. 
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From these facts was evident the need of a scientific instru- 

ment suitable for studying the phenomena of Rontgen rays, and 
one that could be perfectly relied upon. An apparatus de- 
signed for such purposes was constructed by the writer in May, 
1896, under the supervision of Professor Rood, of Columbia 
University, who suggested some of its important devices. Sev- 
eral forms of the instrument were exhibited before the New York 
Academy of Sciences at the meeting of November 2, 1896. 

The “X-ray Detector” is shown in outline in figures 8 and 
g. In these cuts the main casing of the instrument is repre- 


Fic. 8. Side view of the ‘‘ X-Ray Detector.’ 


sented by A. It is made of thin wood, that is perfectly im- 
pervious to ordinary light, and is 30 centimeters in length. ‘Lhe 
ends of the casing, A, are rectangular, but differ somewhat in 
dimensions ; at the extreme end, next to B, the outside meas- 
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urements are II centimeters in width by 7.5 centimeters in depth, 
while at the opposite end, at C, the casing is square, being 7.5 
x 7.5 centimeters. 

Just back of the end C, the lower portion of the casing is en- 
larged by a half-cylinder or half-drum extension of 6 cms. 
radius, which was added so as to conform the shape of the casing 
to certain devices which comprise a part of the interior con- 
struction of the apparatus. The entire inside of the instrument, 
including all the brass parts, is painted a dead black. 

B,in figs. 8 and 9g, is a binocular eye-protector of patent 
leather, which is shaped to fit above the eyes, and has a black 
velvet cushion on the edge, marked 4’. — This cushion is added 
so as to prevent, as far as possible, all light from entering the 
instrument from around the edge of the eye-protector. It 
is made soft and elastic, in order that it may readily be made to 
follow the contour and set close to the face of the person using 
the instrument. ; 

At the opposite end from & is a brass screen holder, C, which 
measures 7.5 X 7.5 centimeters, and is constructed to fit exactly 
into the end of the casing A. In this screen holder there is a 
circular aperture 5.5 cms. in diameter, which is encircled by a 
thin ring of brass that extends .5 cms. outward from the main 
portion of the screen holder. A screen of black paper is placed 
over this opening, having on its inner side crystals of barium-plat- 
ino-cyanide (BaPtCy, + 4Aq), tungate of calcium (CaW0QO,), or 


Fic. 9. Top View of the ‘*X-Ray Detector.’’ 
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some other strongly fluorescent substance. These crystals are 
uniformly distributed over the area of a circle 5.5 centimeters in 
diameter. 

The black paper screen is held securely in place by a cap, D, 
which is circular in form, and which fastens over the ring on the 
screen holder, C, in such a manner that it is impossible for light 
to enter the instrument from that portion. The construction of 
these parts is such, however, that the cap, D, can be very easily 
removed and the screen taken out and another substituted in its 
place. 

A device which is used by the X-ray Detector for purposes 
which will be presently explained is shown in fig. 10. Its position 
in the apparatus can be seen in figs. 8 and 9. In these figures 
Eis a disk of brass 7.5 cms. in diameter and .15 cms. in thick- 
ness, fitted on a small shaft .5 cms. in diameter, that passes 
through the casing of the instrument from one side to the other, 
6 centimeters back of the screen holder C, but below a line join- 
ing the aperture in C and the eye-protector B (Fig. 8); so that 
a view of the screen from the eye end is not crossed by the 
shaft. On this shaft, but inside the instrument, is fastened a metal 
shield, as shown by JZ, in fig. 10, which measures approximately 
6.0 x 6.0 centimeters, and extends radially outward from the 
shaft. 

Diametrically opposite to the shield Z, two metal posts sup- 
port a cross-bar /, fig. 10, 6.0 cms. long, and 1.6 cms. in thick- 
ness, parallel to the shaft, and such a distance from it that when 
the shaft is turned to one position, this bar will cross the center 
of the field of the fluorescent screen. 

The entire device can be made to revolve by turning a milled- 
head £’, fig. 10, attached to the brass disk 4, and is so con- 
structed, that if the shaft be turned to certain positions by 
means of this milled-head, the view of the screen, as seen from 
the eye-protector, may be partly or entirely shut off by the 
metal shield Z, fig. 10, or it may be bisected by the cross-bar 
J, fig. 10. Thus the view of the fluorescent screen may be 
changed, in the different positions of the shaft, from a full toa 
half-moon effect, to perfect occultation, and to the field of a cir- 


cular screen crossed by a bar. 
8 
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The exact setting of the shield and cross-bar can be deter- 
mined in the following manner: Outside of the box on the 
brass disk E, and near its edge several short rods, 6 cms. long, 
are placed. These are pointed at the ends and project outward 
from the face of the disk. They are indicated by F, figs. 8 
and 10. One rod indicates the position of the cross-bar inside, 


Fic, 10. Revolving device used in the ‘‘ X-Ray Detector.’’ 


and two rods the position of brass shield. Just beyond the 
edge of the disk £, figs. 8 and 9, and projecting from the cas- 
ing of the instrument is a rod similar to those on the disk. 
The pointed rods on the disk & are so arranged, that if one of 
them coincides with the stationary rod on the casing of the 
apparatus, it shows that the cross-bar inside is bisecting the 
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field of the fluorescent screen. If the two on the disk are in 
coincidence with the stationary rod, it indicates that the view of 
the screen inside has been completely shut off. There is also a 
_ rod one centimeter long on the disk in that position which cor- 
responds to the half-moon effect referred to in the last para- 
graph. 

The device for changing the view of the screen of the instru- 
ment is for the purpose of giving the experimenter a means of 
determining whether the screen, which is supposed to be under 
the influence of X-rays, is really fluorescing or not. For, 
although the screen may appear to be luminous, the effect of 
vision may be only an optical delusion. 

The contrivance shown in fig. 10 is used to test observations 
as follows: If there seems to be a fluorescence of the screen, 
the experimenter can attempt to set the ceoss-bar,J, fig, 10; 

over the center of the luminous field. 

Then, afterwards, the real position of the bar can be deter- 
mined with absolute certainty by means of the indicating disk 
on the outside of the instrument. If the luminous effect was 
caused by light coming from the screen, and the setting of the 
~ cross-bar made correctly, a coincidence must be found between 
-acertain one of the rods on the disk and the stationary rod on 
the casing of the instrument, as previously explained. The 
relative position of these rods is determined by the sense of 
touch with the forefinger of the right hand. When the right 
coincidence is found to exist, thé conclusion must be that the 
screen is fluorescing. 

Thus we have a checking device on the observations of the 
fluorescence, which is perfectly free from any personal equation. 

As it is often desirable to work with Rontgen rays completely 
in the dark, Professor Rood suggested the use of the small 
pointed rods on the brass indicating disk instead of marks, in 
order that the investigator might remain in darkness during 
experiments and determine the position of the revolving check- 
ing device (shown in figure 10) by the sense of touch. 

The means of eliminating the personal equations just de- 
scribed, is important, because a conscientious observer may be 
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led by the imagination to believe that a fluoroscopic screen is 
fluorescing when it is really not. There are certain phenomena 
pertaining to human sight and recognized in physiological — 
optics, giving the effect of a vision of dim gr ayish light, which 
occur when ‘the eyes are closed or in the dark. Such effects, 
together with after-images, might often be a cause of deception 
when an instrument is used which is unprovided with a means 
for verifying observations of faint luminosity. 


These phenomena are sometimes so vivid that they may . 


readily cause a person to believe that a pale light is coming to 
the eyes from without, when the effect is really subjective and 
in the eyes of the individual who is experimenting. 

The name ‘‘ X-ray Detector ’’ was considered suitable for the 
instrument and was adopted, because the apparatus was designed 
particularly for the study of the fluorescence which is caused 
by Rontgen rays, and for the reason that it is possible to de- 
termine with it whether a screen of fluorescent material, which is 
supposed to be under the influence of the X-rays, is actually 


” 


giving forth a perceptible amount of light, or whether the effect — 


which is apparently observed is due only to an optical delusion. 


For most experiments of a scientific nature, a decided con- | 


trast between a luminous screen and the dark boundary sur- 
rounding it is always desirable. A good contrast is obtained by 
the employment of a Sona ee small screen, suchas is used 
in “‘ X-ray Detector.” This is the case for two reasons : In the 
first place, that portion of a Crookes tube which is the main 
source of Rontgen rays is generally quite small, seldom being 
of greater extent than a few square centimeters. 

If, therefore, a large screen is placed close to the source of 
these rays, it will exhibit uneven fluorescence, one part showing 
intense luminosity while the other portions appear faded out. 
Such an effect tends to give little contrast between the fluoresc- 
ing screen and the dark border surrounding it. On the other 
hand, a small screen is fairly evenly fluoresced, its entire border 
has equal definition, and all the contrast which is possible is 
obtained, 


Secondly : When a flat surface is observed at a short distance 


; 
; 


: 
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from the eyes (20-30 centimeters), only a small portion of it is 
distinctly seen at one time. Thus it follows, that a small screen 
will be more clear than one that is large, because it lies more 
nearly within the area of distinct vision, and its border has better 
definition than that of the large screen. 


muni 


CAP OFF CAP ON 


Fic. 11. Device for holding fluorescent screen in place, showing the cap off and 
the cap on. C—Screen holder. H—Black paper screen. O—Fluorescent 
crystals. D—Cap. P—Screws for securely fastening the cap. 


By the construction of the screen holder of the ‘ X-ray De- 
tector,” C, fig. 8, so that screens can be easily changed, a means 
is obtained by which comparative tests and examinations of dif- 
ferent fluorescent substances can be made. One method is as 
follows: If it is desired that two fluorescent materials be com- 
pared; screens of these substances are prepared, and then the 
farthest distance from an active Crookes tube at which each screen 
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appears to be luminous is measured. The ratio of the squares 
of the two distances will show the relative fluorescent values of 
the substances, at least from an optical standpoint. In this test, 
the checking device which is shown in fig. 10 is used to deter- 
mine the correct distances. The screen holder, screen and 
screen cover are drawn in detail in fig. IT. 

The “X-ray Detector” is provided with a base, H, fig. 8, 


which is an advantage, because it is desirable that experiments . 


should be conducted under steady conditions. This stand has 


been made very firm, and has a device by which motion in three | 


planes is possible, when observations are required with the “ X- 


ray Detector’ in different positions with respect to the source of © 


the Rontgen rays. The instrument is also so constructed that 
it can be easily freed from the base and held by a handle (G, 
fig. 8) in the hand of the experimenter. 

The particular apparatus, described and shown in the accom- 
panying illustrations, was made by J. Grunow, instrument 
maker, New York, N. Y., from a model constructed by the 
writer, 
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THE USE OF THE FLUOROSCOPIC SCREEN IN 
CONNECTION WITH RONTGEN RAYS. 


C. -C. TROWBRIDGE. 


(Read November 2, 1896.) 


In a previous paper by the writer entitled “ An ‘ X-ray De- 
tector’ for Research Purposes,” containing a description of an 
instrument designed and constructed for use in the study of 
RO6ntgen rays, a reference was made to those investigators who 
had improved the methods of using the fluorescent screen in 
connection with the Rontgen rays. Mention was made of Pro- 
fessor E. Salvioni, of Perugia University, Italy, and Professor 
William F. Magie, of Princeton College, as being two investi- 
gators who, working independently, were the first to construct 
and describe an instrument which greatly simplified the manner 
of using the fluorescent screen in experiments with these rays. 

Professor Salvioni gave an account of his apparatus in a paper 
which he read before a meeting of the Perugia Medico-Chirug- 
ical Society on February 5, 1896. A translation of the same 
appeared in ature, March , 1896, page 425 (No. 1375, 
Hol. 53)... The original manuscript having been published in 
the Proceedings of the Academia Medico-chirugica di Perugia ot 
February 6, 1896, Vol. VIII, No. 1-2. The instrument was 
called a “‘ cryptoscope,’” and was described in the article as a 
cardboard tube 8 centimeters high, having at one end a screen 
of black paper, on which had been spread a layer of calcium 
sulphide, a substance that is fluorescent under the influence of 
X-rays. At the other end, where the eye was placed, a lens 
was fixed, which gave an image of the screen. 

The priority of publication in this country of a description of 
a piece of apparatus similar to that described above, belongs to 
Professor Magie, who wrote a letter concerning it to Ze Med- 
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ical News under the date of February 5, 1896, which appeared 
in the issue of February 15th of that weekly (Vol. LXXIII, 
No. 7, page 192). The paper was entitled “ A Convenient In- 
strument for Visual Use in Diagnosis with the Rontgen Rays.” 
Another article, “‘ Application of Rontgen Rays, the Appara- 
tus and its Use,” by the same writer, was published in the 
American Journal of the Medical Sciences for March, 1896, Vol. 
CXI, page 251. In the second paper Professor Magie referred 
to the instrument which he had devised, and called it the 
“‘skiascope,” as being a name appropriate to its uses. 


Fic. 12. Cryptoscope devised by Professor Salvioni. 


The first two illustrations which accompany this article are in- 
tended to show the instruments which have just been described. 
In fig. 12, the ‘‘ cryptoscope,”’ which was devised by Professor 
Salvioni, is shown. The letters which represent the parts in the 
cut are as follows: A,a tube 8 centimeters long, B, a lens used 
to obtain an image of the screen, and C, a screen of fluorescent 
material. 

Fig. 13, shows the ‘‘skiascope”’ as first devised by Professor 
Magie. In the figure, A represents a tube about four centi- 
meters in diameter; and C, the fluorescent screen. At B, the 
tube was pressed tight against the face about the eye. T is 
meant to indicate a Crookes tube. The third cut, fig. 14, which 
shows the Edison fluoroscope, has been drawn for the purpose 
of comparison. Although this apparatus is quite familiar to 
many, it is described, and its uses are outlined, because it is the 
form of “ fluoroscope ”’ which has been most generally used since 
the discovery of Rontgen rays. 
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The Edison fluoroscope has been used mainly to obtain an 
actual vision of the silhouette shadows cast by objects which 
the Réntgen rays do not readily penetrate, such as the bones of 
the human skeleton and metallic objects. In Figure 14, 4 rep- 
resents a wooden box about 28 centimeters long, shaped as in 


Fic. 13. Skiascope devised by Professor W. F. Magie. 


_ the cut, and open at the small end at B, where there is a binoc- 
ular eye-protector of patent leather, which is made to fit closely 
about the eyes, so as to exclude all light from the sides, but al- 
lowing the observer to look into the box. At C, in the large 
end of the box A, is a screen of cardboard coated on the in- 
side with a fluorescent substance. The screens were at first 
made of tungstate of calcium, but now barium platino-cyanide 
is the material generally used. The apparatus is also provided 
svith a handle. If it is desired that the shadow of the bones of 
the human hand shall be seen, the instrument is used as fol- 
lows: The fluoroscope is held to the eyes with the screen end 
placed before a Crookes tube emitting strong Rontgen rays. 
The screen immediately becomes luminous, because the fluor- 
escent: substance thereon converts the energy falling on it in 
the form of X-rays, into the rays of ordinary light. 

The hand is then interposed between the fluoroscope and the 
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source of Rontgen rays, and its shadow appears on the screen, — 


but as the bones absorb the rays to a much greater extent than 


the flesh, they are projected as dark shadows, while the shadow ~ 


of the flesh is so faint that it can hardly be seen. Thus, the 
bones of the hand appear distinctly in outline ; the effect being 
somewhat similar to the silhouettes of ordinary light. 


Fic. 14. Edison Fluoroscope. 


Most of the appliances for obtaining visual effect of Rontgen 
rays by the use of the fluorescent screen are based on the dis- 
coVeries of Professor Rontgen, for it was he who first discovered 
that fluorescent substances became luminous under the effects 
of the X-rays. He studied both this phenomenon and the 
effect of the rays upon the photographic negative in his famous 
research, and obtained shadows of the bones of the hand by 


the use of the fluorescent screen, as well as the more perma- j 


nent shadow-pictures by the photographic process. 
The fluorescent effect of certain materials when subjected to 


the influence of Rontgen rays was, however, partly anticipated — 


by certain observations of Dr. Lenard, of Bonn. This investi- 
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gator found that, if a small aluminum window was fitted into 
the end of a Crookes tube opposite to the kathode, arid if the 
tube was excited in the usual manner by means of an induction 
coil, certain materials would show fluorescence when they were 
placed within a distance of six centimeters from the aluminum 
window. Although this effect may not have been due to 
Rontgen rays—which had not, then been discovered—yet the 
experiment showed that certain phenomena relating to Crookes 
tubes could be advantageously studied by the use of screens of 
fluorescent material. 

The ‘‘ X-rays’’ which were discovered by Professor Rontgen, 
and which were emitted from an ordinary Crookes tube, were 
observed to effect fluorescent substances as far distant as two 
meters. The room in which Professor Rontgen conducted the 
experiments was darkened, and the Crookes tube which was 
used was covered with black paper. Then, when the fluores- 
cent substances were brought near to the tube and in the path 
of the X-rays, the fluorescence mentioned above was observed. 
It will be seen, therefore, that the appliances which are used now 
to observe X-ray shadowgraphs and fluorescence are simply 
improvements of the methods used by Professor Rontgen. 
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ON HYPERTROPHIED SCALE-LEAVES IN PINUS 
PONDEROSA. 


Francis E. Luoyp. 
(Read January 10, 1898.) 


[ PLATE I.] 


Earty in 1896 the writer was engaged in the study of pollen 
development and, in order to supply himself with materials, 
broke off a number of young staminate shoots from a specimen 

of Pinus ponderosa, the Bull Pine or Yellow Pine of the West. 
An examination of the same tree in the autumn discovered that: 
the pruning of these large, rapidly growing shoots had resulted 
in the growth of one to three lateral shoots, a little distance be- 
low the break. These lateral shoots which were developed from 
the axils of scales on the upper portion of the shoot of the pre- 
vious year were sterile, but differed in a remarkable degree from 
the normal foliage shoots. In the latter the leaves are borne in 
groups of threes (fascicles) upon very short branches which 
spring from the axils of small triangular scales which are to be 
regarded as reduced leaves. In the shoots induced by pruning, 
however, these scales have been greatly developed, so much so, 

~ indeed, as to have become leaves, both in structure and function, 
while the fascicles, so called, were in most cases not developed 

at all. When they were developed, however, there was pro- 
duced the phenomenon of a twig with foliage leaves of two dis- 
tinct kinds. The same operation was carried on in the spring 
of the following year (1897) which resulted similarly. In one 
case, however, a staminate shoot was produced. 

It has been commonly observed, and was pointed out by 
Masters! in 1880, that upon the Juniper, especially upon young 


1Nature, XXIII: 267. 1880. 
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specimens, there are found two kinds of leaves. Masters called 
these two kinds the juvenile and adult forms, and suggested that 


<a 


the former, which are much the longer and sharply pointed, ~ 


represent an ancestral condition. In this way, also, he com- 
pared Retinospora to an immature stage of Thuya inasmuch as 
plants of the former genus suddenly assume the foliage charac- 
teristics of the latter. It will be seen, however, that these two 
cases, Pinus and Juniperus are not quite parallel, for the ordi- 
nary foliage or secondary leaves of the former are produced 
upon the reduced twigs in groups or fascicles, in which the 
number of leaves is practically constant for a particular species, 
while this arrangement is not found in the junipers. The struc- 
tures in Pinus which should be compared directly with the leaves 
of Juniperus are the primary leaves, and later the scales which 
subtend the fascicles. Dimorphism in the leaves of the seedlings 
of Pinus is a constant feature. The cotyledons are followed 
immediately by the primary leaves, so called by Engelmann, * 
and it is only later that the fascicles are produced. The same 
writer also drew attention to the fact that these primary leaves, 
or similar ones, are also found upon sprouts of certain species 
(P. mops, rigida, Canariensis, etc.), and are frequently upon 
young shoots of Zavizx. The structure of the cotyledons, pri- 
mary and secondary leaves were studied comparatively by Da- 
guillon? in 1890. He included in his studies five genera, Adies, 
Picea, Pinus, Larix, and Cedrus, and showed that the ontoge- 
netic series of leaves from the cotyledons to the adult, present 
a series of gradations, gradual in -ddézes, but more pronounced 
in finus. Of the species of Pinus, Daguillon studied four 
(P. strobus, pinea, maritima and sylvestris). 

The primordial leaves which are produced in the seedling on 
the stem above the cotyledons are in all cases elliptic in trans- 
verse section, and have two resin ducts in contact with, or very 
near the lower epidermis. In P. maritima, they are very near 
the lateral angles. The supporting tissues are less strongly de- 
veloped and the vascular bundle is single. In one species only 


1Engelmann, ‘ Revision of the genus Pinws,’’? Trans. St. L. Acad. IV, 1880. 
2«* Recherches sur les fuilles des Coniferes.’? Rev. Gen. d. Bot. IL: 154. 18go. 
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of those studied is the vascular bundle single in the adult leaf, 
P. strobus, while in the others, the bundles, which are two, are 
widely separated. 

It appears that the structures of the primary leaves produced 
upon shoots, already mentioned, has not been studied, but it 
has been assumed to be the same as that of the true primary 
(primordial of Daguillon) leaves of the seedling. 

There can be no doubt that the bud scales, and the scales 


which subtend the fascicles of Pinus are reduced leaves. In 


view of this fact it is of peculiar interest that we are able to 
cause their return to the foliage condition, in that we have 


‘clearly a case of atavism. Furthermore, the structure of an 


hypertrophied scale-leaf, if we are right in regarding this as a 
case of atavism, ought to furnish some clue as to the phylo- 
geny of the genus. It is assumed in such an argument that 
leaf characters are to be depended upon as a guide, and of this, 
I believe, there can be little doubt, for it has been abundantly 
shown that these characters are quite constant. This is espe- 


‘cially true, I believe, as regards the position of the resin ducts 
concerning which Engelmann wrote that it is ‘so constant and 


seems to be so intimately connected with the essential character 


\ 


of the plant, that I venture to adopt it as one of the principal 
characters for the subdivision of the genus.” Let us turn to 


“the consideration of the facts and see whether we may gather 


any conclusions from them. 


The staminate shoots have normally small, scarious scales, 


in the axils of which in the -upper part of the shoot, are pro- 


duced the staminate cones. If these shoots are cut off, one, 


two or perhaps three axillary buds on the upper end of last 
year’s shoot will develop. So far I have been able to get no more 


than three buds to develop. These buds, when developed into 


shoots, have leaves which are narrowly triangular in outline, 


~ broader at the base, and tapering gradually from the base to the 


apex, and are of various lengths. The longest leaf observed 
measures 6 cm. From the axils of some of these leaves were 


developed normal fascicles. The transverse section shows them 


to be flattened above and ridged along the middle line below. 
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The margins are finely serrate, as is also a low ridge which runs 
along the middle line on the upper surface. The surface is 
markedly glaucous, and stomata are found on the upper surface 
arranged in ten longitudinal rows and on the lower surface in four 
tows, one row on each side of the two resin ducts. 

A transverse section shows that the epidermal layer, one cell 
in thickness, is underlaid by a layer of hypoderm, consisting of 
strengthening cells, which, as a rule, does not exceed one cell 
in thickness except at the angle of the lower side where an in- 
complete second layer is found. The resin ducts are two and 
are in contact with the lower epidermis. 

The parenchyma is of cells of the infolded kind which is 
characteristic of the group. 

A fibro-vasal sheath is rather weakly developed enclosing two 
bundles, which are slightly separated, consist of the usual ele- 
ments and are surrounded by pitted vessels. The vascular 
bundles are weaker than in the normal leaves, and are closer 
together. The stomata are in nine to twelve rows on the upper, 
and in four rows on the lower surface, and the latter are so dis- 
posed as to be one on either side of the two resin ducts. 

The normal leaves are about 20 cm. long, and, springing as” 
they do in threes from the fascicles, are in transverse section the 
shape of a sector of 120°. Such long, slender “ needles”’ re~ 
quire and possess much stiffening tissue which occurs as hypo-- 
derm of several cells in thickness. The resin ducts, two in 
number, are here found deep in the parenchyma, opposite the 
lateral angles. The endodermic sheath is relatively larger and” 
contains two strongly developed vascular bundles which are 
more widely separated than in the hypertrophied scales. 
Without and surrounding the bundles is a mass of tissues com- 
posed of pitted vessels. The stomata occur in twelve rows on 
the upper and in thirteen to fifteen rows on the lower surface. : 

It will be seen then that the abnormal leaves in question 
differ in the arrangement of tissues quite markedly from the 
normal. They approach, in fact, very closely to the early or 
primordial leaves in the species of Pizws described by Daguillon. 
These latter, however, are in their plan of structure very simid 
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lar to the type of leaf seen in Pseudotsuga, and in many species 
of Adies, and to this extent we would seem to be warranted in 
saying that the Pines have been derived from a generalized 
form having a leaf and other characters midway between the 
firs and spruces. The nearest living representative of such a 
form is Pseudotsuga. As regards the strobile, while pendant 
and spruce-like in certain characters, especially when young, in 
its large scales it is fir-like. As regards the leaves, it is decidedly 
fir-like. As to general habit, it is spruce-like. 

There is another value to be attached to this comparison be- 
tween abnormal leaf and true primary leaf. Their close corre- 

: spondence in structure supports Celakovsky’s view that abnor- 
malities in the Conifers are of very great value as a basis for 
morphological study. 

It has been said earlier in this paper that we have in these 
abnormal leaves a retrogression to ancestral types. If this be 
so we should look for a condition in the more immediate an- 

~ cestral forms of the pines in which the primary leaves are nor- 
mal, and later, intermediate forms should show a gradual sub- 
stitution of fasciculated leaves for scattered ones. 

Now there have been found in the Jura of eastern Siberia 
certain forms which were described by Heer’ under the generic 
name of Leftostrobus. The description was originally based 
upon the cones only. Further material was afterwards obtained 
which showed the leaves to be pine-like and apparently fascicu- 
lated at the ends of the short twigs. The material was, how- 
ever, meagre, and nothing further was made out in regard to 
the arrangement of the leaves. 

Later Fontaine found in the Potomac of the Eastern United 
States forms evidently closely allied to Heer’s Leptostrobus. 
These he described? under Leptostrobus, taking the precaution, 
however, of extending the original description by the addition 
of the following remark bearing on the position of leaves 
leaves... scattered on the larger or principal stems and 
grouped in bundles on the ends of short twigs.” This was a 

{Flor. Foss. Arctica, VI: 23. 

2U, S, Geol. Survey, Monograf XV. 
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very wise procedure, inasmuch as Heer’s material, judging 
from his plates, does not offer any. evidence in regard to the 


body of the twigs, but only as regards the ends, and even as to — 


this the material is meagre. In all probability more extended 
search would discover that Heer’s Leféostrobus possessed the 
two arrangements of leaves, scattered and fasciculated, since 
this is true of Fontaine’s forms described under this genus. 

It may be further remarked that with Lepostrobus Fontaine 
found other fossils which referred to a new genus, Laricopsis. 
These in general are larch-like, but like Lepéostrobus, possess 
two kinds of leaves—fasciculate and scattered. Fontaine draws 


attention to the fact that the young shoots of Larix occasionally — 


produce the scattered or primarily leaves and compares them _ 


to the permanent scattered leaves in Laricopsis, the probable an- 
cestral form from which the Larch has been derived. It is 


reasonably certain, therefore, that in Leptostrobus and Laricopsis — 
we have closely allied forms which lived together and were the 
forerunners of the Pines on the one hand and the Larches on © 


the other. 


As to the causes which bring about the hypertrophy of the — 
scale-leaves in Pinus ponderosa it may be said that the increase — 
in nutrition plays no small part in the matter. Fujii’ ascribes — 
certain changes produced in the cones of a Japanese Pinus after — 


pollarding to over nutrition. Those species of Pinus, already 
noted, which produce sprouts, do so from the stump after the 
tree has been cut down, and these sprouts have dimorphic 
leaves. The same result can be produced in Pinus ponderosa 
by cutting off the staminate shoots to which, normally, a large 
amount of food would pass. This food is diverted by pruning. 
It is, however, not enough to say this, for there must be some 


other factors at work. What they are we are not in a position 
now to say. 


SUMMARY. 


Abnormal leaves are produced upon shoots induced by prun- 
ing the staminate shoots of Pinus ponderosa by the hyper- 
1Fujii, K. Bot. Mag., Tokyo, IX, 275-271. 1895. 
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trophy of the scales. The latter are thus shown to be reduced 
leaves. They are to be compared to similar structures found on 
shoots of certain other species of which Pinus rigida is an ex- 
ample. ‘These species are those which readily produce sprouts 
from the stump. They may further be compared to the scat- 
tered leaves occurring occasionally upon Larzx. 

The structure of these abnormal leaves is not identical with 
that of the true primary leaves—those produced on the seed- 
ling on the stem immediately above the cotyledons. While not 
so primitive as these primary leaves they may be compared more 
properly to the Pseudotsuga type. 

The abnormal leaves described are atavistic, and the twigs 
bearing them may be compared to a permanent condition such * 
as obtained in the Lepfostrobi of the Potomac, a condition which 
probably obtained also in those forms from the Jura of eastern 
Siberia described by Heer. Leftostrobus may safely be regarded 
as in the ancestral line of the Pines. Laricopszs probably stands 
in the same relation to Larzx. 

Little can be said in regard to the causes beyond that over 
nutrition plays no small part in the change. This suggests, at 
least, that reduced nutrition may have been one of the more 
important causes resulting in the evolution of the fasciculated 
condition in Pinus and Larix. 

I wish here to acknowledge the kindness of Dr. Arthur 
Hollick in indicating to me literature bearing on the fossil 
conifers. 


PLATE I. 


EXPLANATION OF LETTERS USED. 
e—Epidermis. h—Hypoderm. 
r—Resin duct. : tr—Tracheary tissue. 
1—Hypertrophied scales. 
2—Secondary leaves. 
Fig. 1. Transverse section of normal or secondary leaf. (Sche- 
matized). 
Fig. 2. Transverse section of hypertrophied scale. (Schematized). 
Fig. 3. A shoot bearing both abnormal and normal leaves. 
Figs. 1 and 2 are from camera lucida drawings. 
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Ax the meeting of the Academy on October 19, 1896, I gave 
an account of the geology of Block Island, prepared from in- 
vestigations personally made during the summer of that year, 
together with all references to the subject on the part of others 
which I had been able to gather.’ To this account I would 
respectfully refer, in order to avoid reiteration, for information 
regarding the general geologic conditions which prevail and the 
opinions which have been expressed in relation to them. — Last 
summer I again visited the island, for the special purpose of 

1Geological Notes. Long Island and Block Island. Trans. N. Y. Acad. Sci., 
XVI (Dec. 15, 1896), 9-18. 
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collecting, if possible, further material representing the Creta- 
ceous (Amboy clay) formation, of which I had obtained indica- 
tions at the time of my previous visit. 

Three weeks were spent there, during which period the en- 
tire coast line and most of the interior was subjected to critical 
examination, with the result that several facts not before recorded 
were noted, and a considerable amount of interesting material 
was collected. During part of the time I was accompanied by 
Dr. Lester F. Ward, of the United States Geological Survey. 

In order that the general configuration of the island and the 
several localities mentioned may be understood, I have included 
a map of the island, prepared from that issued by the United 
States Geological Survey’ (see plate IT). 


PALZOBOTANY. 


One of the most important problems which it was necessary 
to solve was whether the Amboy Clay Series was represented 
on the island. . Theoretically these clays, which had been pre- 
viously traced from New Jersey, through Staten Island and 
Long Island, to Martha’s Vineyard, ought to occur also on 
Block Island and previous observations strongly indicated that 
such was the fact. Definite evidence, however, was lacking and 
it was recognized that if a few well-defined and typical species 
of fossil leaves could be found the question would be settled. 
Careful and systematic search was therefore made for such evi- 
dence, and the result was entirely satisfactory. The material 
collected was identical in its charactes and occurrence with that 
from the other islands mentioned, consisting of ferruginous clay 
nodules or fragments, containing organic remains, scattered 
through the Drift, mostly in close proximity to two of the clay- 
exposures, at Clay Head and Black Rock Point. 

About twenty-five specimens of fossil leaves and fruit capable 
of identification were found, representing fifteen species, all of 
them Cretaceous in age, and at least nine of them typical of thy 
Amboy clay flora. 

Following is the list : 


1 Rhode Island, Block Island Sheet, 1889. 
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1, GLEICHENIA GRACILIS Heer (?). 
PPl ei.” Figs2;) 


Gleichenia gracilis Heer, Fl, Foss. Arct., Vol. iii (Kreidefl.), 


p. 52, pl. x, figs. 1-11; p. 98, pl. xxvi, figs. 13 b, c, d. 

Our specimen is almost certainly a Gleichenia, but the pinnules 
are more acute and runcinate than in Heer’s figures of G. gra- 
cilis. I prefer, however, to refer it provisionally to this species 
rather than to found a new one upon such a small fragment. 

Locality : Near Black Rock Point, Block Island. 


2. DAMMARA MICROLEPIS Heer (?). 
Ceili Biss G.2a. b;) 
Dammara microlepis Heer, Fl. Foss. Arct., Vol. vi, Abth. II, 

p-55, pl-xl, fic. 5. 

The specimens figured on our plate are undoubtedly referable 
to the organisms which have been called Dammara and Euca- 
lyptus, from the Cretaceous of America and the Old World. 
The ones under consideration are, however, smaller than any 
which have been previously figured and might perhaps be re- 
ferred to a new species, but, in view of the limited amount of 
material and its fragmentary condition, I have thought it best 
to refer the specimens provisionally to Heer’s species. 

Locality: Ball’s Point, Clay Head, Block Island. 


3. Moriconia CYCLoTOXxON Deb. and Ett. 


(PiSTilS We. 10.) 
Moriconia cyclotoxon Deb. and Ett., Urwelt. Acrob. Kreidegeb. 

Aachen und Maestricht, p. 59 [239], pl. vii, figs. 23-27. 

In regard to this specimen there can be no doubt. It is one 
of the most abundant species found in the Amboy clays, at 
South Amboy, N. J., and is also known from Staten Island and 
the Arctic regions. 

Specimens figured by Herr (Fl. Foss. Arct. Vol. vi, Abth 
II, pl. xxxiii, figs. 1-9) and by Newberry (Fl. Amboy Clays. 
Monog. U. S. Geol. Surv., xxvi, pl. x, figs. 11-21) are far bet- 
ter for comparison than are the original figures of Debey and 


Ettinghausen. 
Locality : Near Black Rock Point, Block Island. 
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4. WIDDRINGTONITES REICH! (Ett.) Heer (?). 
(Pl. III. Fig. 8.) 

Widdringtonites Reichii (Ett.) Heer, Fl. Foss. Arct., Vol. vi, 
Abth. II, p. 51, pl. xxviii, fig. 5 ; Vol. vii, p. 13, pl. lt, figs. 
4, 5. 

Frenelites Reichii Ett. Kreidefl. Niederschoena, p. 246, pl. i, figs. 
10 a-I0 C€. 

This little fragment of a conifer is referred provisionally to 
the above species, partly on account of its close similarity and 
partly because the species associated with it seem to warrant 
such reference. It is one of the commonest species in the Am- 
boy clays of New Jersey at several localities, and has also been 
found on Staten Island and Martha's Vineyard. 

Locality : Near Black Rock Point, Block Island. 


3. THINNFELDIA LESQUEREUXIANA Heer. 
(Pl. III. Figs. 4, 5.) 


Thinnfeldia Lesquereuxiana Heer, Fl. Foss, Arct., Vol. vi, 

Abth. II, p. 37, pl. xliv, figs. 9, 10; pl. xlvi, figs. I-11, 
72a.) 

This is another well defined and typical Amboy clay species 
of wide geographical distribution, which, when found with 
Moriconia would, without any further evidence, be sufficient to 
determine the horizon in which is occurs. 

Found also on Staten Island and Martha’s Vineyard. 

Locality : Near Black Rock Point, Block Island. 


6. JucLans arctica Heer (?). 
(PISIL. iF ig.27 5) 


—< 


Juglans arctica Heer, FI. Foss. Arct., Vol. vi, Abth. II, p. 71, — 


pl. xlii, figs. 1b, 2b. 

The fragment figured is apparently the upper part of an 
ament similar, if not identical, with those described by Heer un- 
der the above name. Inasmuch, however, as he also describes 


NS a 


and figures aments which can hardly be distinguished from — 
these, under ‘the name of Myrica longa (Fl. Foss. Arct., Vol. vi, - 
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Abth. II, p. 65, pl. xli, fig. 4b) I have been in doubt under 
which species to place our specimen. 


Locality : Near Black Rock Point, Block Island, 


7. SALIX PROTE#FOLIA LANCEOLATA Lesq. 
CLV Fig. Ae) 
Salix proteefolia var. lanceolata Lesq. Fl. Dakota Group, p. 

50, pl. Ixiv, figs. 6-8. 

A large number of varieties and forms have been classed under 
this species. Our specimen is almost identical with Lesquereux’ 
fig. 8, above quoted. 

Locality : Near Black Rock Point, Block Island. 


8. SALIX PROTEAFOLIA FLEXUOSA Lesq. 
(Pl. IV. Fig. 5a.) 


Salix proteefolia var. flexuosa Lesq. FI. Dakota Group, p. 50, 
Dielxiv, figs.’ 4,5. 
Recognized also from Long Island and Martha’s Vineyard. 
‘Locality : Near Black Rock Point, Block Island. 


g. Ficus Krausiana Heer. 
(ElBILE Ss Sig er) 


Ficus Krausiana Heer, Fl. Moletein, p. 15, pl. v, figs. 3-6. 

In naming our specimen I have been somewhat influenced 
by the fact that this species is recognized by Lesquereux in the 
Dakota group of the West (FI. Dakota Group, p. 81, pl. L, 
fig. 5), although it might equally well be compared with Vele- 
novsky’s Ficus suspecta (Fl. Boehm, Kreidef, part iv, p. 10 
[71], pl. v [xxviii], figs. 6, 9). The two species, indeed, 
I am inclined to consider as identical and the comparison of the 
two is made especially significant when Velenovsky’s figure 9 
is examined. It has also been recognized in the Martha’s 
Vineyard Cretaceous flora. 

Locality: Near South East Point, Block Island. 
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10. MacNnotiA WooDBRIDGENSIS Hollick. 
‘ (PUSTEE ss ekipaees) 
Magnolia Woodbridgensis Hollick, in Newb. Fl. Amboy Clays, 
p. 74, pl. xxxvi, fig. II; pl. lvii, figs. 5-7- 
There can be little doubt of the identity of our specimen 
with the above species, especially when compared with figure 7, 


above quoted. 
Locality : Ball’s Point, Clay Head, Block Island. 


11. LAURUS PLUTONIA Heer. 
(Pl) LV FigsG) 
Laurus plutonia Heer, Fl. Foss. Arct., Vol. vi, Abth. ii, p. 75, 
pl. xix, figs. 1d, 2-4; pl. xx, figs. 3a, 4-6; pl. xxiv, fig. 6b; 
pl. xxviii, figs. 10, 11; pl. xlii, fig. 4b. 


Under this specific name different authorities have placed a ~ 


large number of forms from America and the Old World, and 
several which have received different specific names might 
equally well be included under it. It is abundantly represented 


in New Jersey, and has been found on Staten Island, Long Is- . 


land and Martha’s Vineyard. 
Locality : Near Black Rock Point, Block Island. 


12. CELASTRUS ARCTICA Heer. 
(PLOLV. Figs 8.) 


Calastrus arctica Heer, Fl. Foss. Arct., Vol. vii, p. 40, pl. Lxi, — 


figs. 5d, 5e. 

For purposes of comparison the figures by Heer, above 
quoted, are not as satisfactory as those by Newberry. (Fl. 
Amboy Clays, pl. xiii, figs. 8-18). 

It is a common species in the clays of South Amboy, N. J. 

Locality : Near Black Rock Point, Block Island. 


13. Myrropuytium (Eucatyprus ?) Gerirzi Heer (?) 
(Pl. IV. Figs. 1-3.) 


Myrtophyllum (Eucalyptus ?) Geinitzi Heer, FI. Moletein, 22 
pl. xi, figs. 3, 4. 


~~, 
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In referring our specimens to this protean and widely distributed 
species I have done so provisionally, as the nervation is sparse 
or wanting in those which exhibit the best outline, while the one 
in which the characteristic nervation is shown is merely a frag- 
ment. Specimens which are entirely satisfactory have, however, 
been found in New Jersey and on Staten Island, Long Island 
and Martha’s Vineyard. 

isocality.-- Fig. .1, near South East Point; figs. 2, 3, near 
Black Rock Point, Block Island. 


14. EucaLyptTus? NERVOSA Newb. 
PERRI NGE Ss Pig) 5b.) 
Eucalyptus? nervosa Newb. Fl. Amboy Clays, p. 112, pl. 


xxxil, figs. 3-5, 8. 

In the Flora of the Amboy Clays, on the plate above quoted, 
Dr. Newberry figures two allied species—the one to which I 
have referred our specimen and another which he calls Auca- 
lyptus ? angustifolia, Our specimen lacks the tip by which it 
could be definitely identified, but I have little hesitation in re- 
ferring it to £. mervosa. 

The same species has also been identified from Long Island. 

Locality : near Black Rock Point, Block Island. 


15. TRICALYCITES PAPYRACEUS Newb. 
(PII Fig:.6:) 


Tricalycites papyraceus Newb. Fl. Amboy Clays, p. 132, pl. 

xlvi, figs. 30-38. 

Our specimen apparently represents a central lobe of the 
organism named as above by Dr. Newberry, from Woodbridge, 
ayer J. 

Bhi same species has also been been found on Staten Island 
and Long Island. 

Locality : Ball’s Point, Clay Head, Block Island. 


The evidence afforded by these species is of the highest im- 
portance, as it serves to definitely correlate the basal clays of 
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Block Island with those of Martha’s Vineyard to the east, and 
Long Island, Staten Island and New Jersey to the west, and 
shows them all to belong to the same Cretaceous horizon. 

Inasmuch as a prominent authority has published his opinion 
that these clays are probably Jurassic in age, I perhaps can not 
do better than to quote the words of Dr. Lester F. Ward, ex- 
pressed after an examination of the material now in our posses- 
sion from the region: 

‘Those who are capable of supposing that such a flora as 
this could have flourished in Jurassic time are certainly at lib- 
erty to do so, and the geological world will doubtless duly ap- 
preciate their courage.” 


STRATIGRAPHY. 


While engaged in collecting the material previously described 
other matters of geologic interest were also incidentally noted. 

The lithologic characteristics of the basal (Cretaceous) clays 
always served to distinguish them from the superficial (bowlder) 
clays above. The latter are best represented on the south 
shore, at Mohegan Bluffs (see plates V. and VI.) and consist of | 
contorted grayish sandy clay, in which gravel and occasioned 
bowlders occur, but no organic remains. The Cretaceous clays 
are exposed at Clay Head (see plate VII), Grace Point, and near 


Black Rock Point and Old Harbor Point (see plate VIII.). They — 


are plastic and either black from the presence of lignite or else — 
pure white, yellow, red or bluish. Beds of white sand accom- . 
pany them at the two localities first mentioned. 

Observations on dip and strike are of but little stratigraphic — 
importance, on account of the contortion to which the beds — 
have been subjected by glacial action, and such observations as 
were made merely tended to emphasize this fact, the dip in all 
cases being toward the north, indicating that the strata had been — 
pushed southward in a series of overthrust folds by the advanc- 
ing ice front. This was found to be uniformly the case with the 
basal clays and largely so with the superficial ones, apparently © 
indicating that the latter as well as the former were laid down — 
previous to the advent of the ice. , 

Science, IV (Nov. 20, 1896), 760. 
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Photographic views of four of the most interesting localities 
mentioned were taken from which the accompanying plates 
were reproduced : 

PLATE V. Contorted bowlder clay, south shore, Mohegan Bluffs, looking west, 
about three-quarters of a mile east of Black Rock Point. Variegated (Cretaceous ) 
plastic clay beneath, in the distance, at extreme left. 

Dip of the latter, 60 N. W.; Strike, N. 38 E. and 50 N. W.; N. 10 E. 

PLATE VI. View of a portion of the latter exposure, looking east, showing con- 
tortions of the bowlder clay. 

PLATE VII. White (Cretaceous) plastic clay and sand, overlain with Drift, east 
shore, Ball’s Point, Clay Head. 

Dip, 35 N.; Strike, E. and W. 

PxaTeE VIII. Lignitic and white (Cretaceous) plastic clay, overlain with Drift, east 


shore, near Mineral Spring, about half a mile north of Old Harbor Point. 
Dip, 44.N. E.; Strike, E. 20 8. 


It BOTANY. 


PRELIMINARY REMARKS. 

Although engaged primarily in geological investigations, 
many notes on the vegetation of the island were incidentally 
gathered and its connection with the geological features noted. 
In fact, the study of the flora of any region, particularly that of 
a restricted one such as an island, is now recognized as being 
often of the highest importance when considered in connection 
with the geology, the facts in one often leading to an interpre- 
tation of otherwise puzzling problems in the other. 

The first essential in such an investigation is to obtain a 


broad general idea of the vegetation, and for this purpose as 


complete a list of the plants as possible is necessary, with notes 
on the relative abundance or scarcity of each species, so that 
not only may the extent of the existing flora be seen at a glance, 
but any striking lacune be at once noted. 

Mr. W. W. Bailey’s ‘“ Notes on the Flora of Block Island’? 
was made my basis for determining what had been previously 
recorded on the subject, and with his list constantly by me it 
was an easy matter, while wandering over the island, to refer to 
it and ascertain whether any species in question had been noted 


1Bull. Torrey. Bot. Club, xx. (June, 1893), 227-239. 


64 HOLLICK. 


by him. If found upon the list it was checked off, and if not a 
memorandum was made and specimens collected. 

Physiographically the flora may be divided into that of hills, 
the peat bogs and pond holes, the salt marshes, the sand dunes 
and the salt water, the latter being exclusively algal, except for 
Zostera. The island is practically treeless and hence also de- 
void of such vegetation as is dependent upon forestal conditions. 
The bulk of the surface is that of a typical morainal region, 
with rounded hills and corresponding depressions, many of the 
latter being occupied by swamps or ponds, often without any 
visible outlet. Running streams are few and insignificant, and 
permanent springs occur only in a limited number of localities, 
mostly close to tide-water. Great Salt Pond, now connected 
with the ocean by means of an artificial channel, but formerly 
said to have been fresh water, occupies the center of the island 
and almost divides it into two parts, while between the eastern 
and western borders of this pond and the ocean are low nar- 
row strips of dunes and sand beaches. The remainder of the 
coast line is more or less precipitous and is strewn with boul- 
ders, washed out from the adjoining land. The soil, except 
that of the limited dune and sand beach areas, consists of the 
boulder till and gravel. There are no rock outcrops anywhere 
exposed, and the geological conditions preclude the probability 
of any being within hundreds of feet of the surface. Probably 
all the land capable of it is, or has been at some time, either 
under cultivation or used for pasturage. Such, in brief, are the 
conditions under which the vegetation exists to-day on an iso- 
lated island about eleven square miles in area. 


ADDITIONS TO THE FLORA. 


Mr. Bailey enumerates in his list 285 species of Spermato- 
phyta and 9 Pteridophyta, to which I was able to make the fol- — 
lowing additions, collected between July 8th and July 30th. 

1. Zostera marina L. Abundant in salt water. 

2. Panicum spherocarpon EN. 

3. Panicum pubescens Lam. 
Probably included by Mr. Bailey under P. dichotomum L. 


\ Abundant on the dry hills. 
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4. Juncus acuminatus Michx. Abundant in the peat bogs. 
Commonly proliferous. 

5. Smilax rotundifolia L. Rare. Only a few scattered plants, 
in widely separated localities on the south end of the island. 

6. Sesyrinchium Adanticum Bicknell. Common. Probably 
included by Mr. Bailey under S. anceps Cav. 

7. Populus balsamifera candicans (Ait.) A. Gray. Sparingly 
established in certain swamps. Common in cultivation. 

8. Salix cordata Muhl. Common in many swamps and 
along roadsides. Occasionally planted: 

_ 9. Salix cordata angustata (Pursh) Anders. Abundant in 
_one swamp near the south side of Great Salt Pond. 

10. Salix purpurea L. Abundant and thoroughly natural- 
ized along roadsides. 

it. Aumex obtusifolius L. Sparingly, in a ditch along south 
side of Main St. 

12. Glauctum Glaucium (L) Karst. A few plants, on the 
sand hills near Grace Point. 

13. Koripa palustris (L.) Bess. Sparingly, in a ditch along 

south side of Main St. 

14. Lrifolium incarnatum L. One plant, in a field at the 
south end ofthe island. Probably introduced with other clover 
and hardly naturalized. 

1 5. Trifolium procumbens L. Not common. 

16. Acalypha gracilens A. Gray. Common in dry open 
fields. Usually stunted. Probably included by Mr. Bailey 
under 4. Virginica L. 

17. Vicia sativa L. Common. 

18. Hudsonia tomentosa Nutt. Abundant on the sand hills 
near Grace point. 

19. Onagra Oakesiana (A. Gray) Britton. Not rare near 
the shore. Probably included by Mr. Bailey under 4xothera 
biennis L. 

20. Lysimaclia quadrifolha L. Common. 

21. Lrientalis Americana Pursh. Common. 

22. Asclepias pulchra Ehrh. Common. 

23. Sericocarpus asteroides (L.) B. S. P. Abundant in a lim. 
ited locality at the south end of the island. 

Annats N. Y. AcAp. Sci., XI, April 20, 1898—5. 
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24. Gnaphahum purpureum L. Not common. Found with 
G. uliginosum L. in the vicinity of Clay Head. 
With the above additions the list now comprises 309 Sper- 


Ce 


matophyta and 9 Pteridophyta, but there is no doubt that it 


could be largely increased f collections were made in the spring 
and autumn. I was unfortunate in having explored the same 
region as did Mr. Bailey, at the same time of year, so that I 
was able to accomplish but little more than to pick up a few spe- 
cies which he had somehow missed. 


DISCUSSION OF THE FLORA. 


If the flora be now examined as a whole several significant 
facts may be noted. Many curious lacunz will at once attract 
attention, as remarked by Mr. Bailey, and not only are species 
wanting which one might reasonably expect to find, but so also 
are whole genera and even families. 

For example, the Liliacee are not represented, and of the Smi- 
lace only two species (Smilax rotundifolia L. and S. glauca 
Walt.) were found in very limited numbers. The Boraginacez 
are wanting and, except for a few scattered trees of Nyssa aquatica 
L., the Cornacez would be likewise. The genera Cornus, Vac- 
cinium (excluding the cranberry), Veronica, Meibomia, Lespedeza 
and Baptisia are entirely absent. Only four species of Carex 
were found, one Pycnanthemum and one Viburnum, while many 
other species are represented by only a few individuals. Among 
the species which might be reasonably expected to occur, but 
which were not seen, may be noted So/anum Dulcamara L. and 
Verbascum Blattaria L., which usually follow in the wake of 
civilization ; Hibiscus Moscheutos L., Vernonia Noveboracenst. 
(L.) Willd., Zva frutescens L., Kneiffia linearis (Michx.) Spach., 
K. pumila (L.) Spach. and Limodorum tuberosum L. The ab- 
sence of the latter would perhaps not be remarkable except for 
the fact that its usual companion, Pogonia ophioglossoides (L.) 
Ker. is quite abundant. 

This list of lacunz could be readily extended by a careful 
analysis of the flora, but it should also be borne in mind that 
more thorough search might and probably would reveal the 
existence of species which have thus far escaped notice. 
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The flora is morainal in its general character, except in the peat 
bogs and on the limited sand-dune and sea-beach areas, and has 
its nearest analogue in that of Montauk Point!. In fact, if we 
could imagine Montank Point to be despoiled of its few remain- 
ing trees and converted into an island it would bear a striking 
resemblance, geologically and botanically, to Block Island. 


Causes Wuicu Have DETERMINED AND MOcIFIED THE FLora. 


In discussing the causes which have determined the location 
of any flora and subsequently modified its characters, two 
prominent factors nearly always have to be considered—the 
geological and the human. Each of these may have been in- 
strumental in both introducing and eliminating certain species, 
and the discussion of a flora cannot be considered as complete 
unless they are taken into consideration. The influence of man 
is usually so obvious as to appeal at once to any observer or 
else it is a matter of more or less definite record. The geo- 
logical influence however is often so obscure and has its begin- 
ning at such a remote period that it usually escapes attention. 
In its widest application this includes atmospheric and ocean 
currents, soil, climatic changes, changes of level, etc. 

From a study of the existing geological and floral conditions, 
as I have elsewhere attempted to demonstrate,? the indications 
_ are that at the close of the Ice Age there was a continuous strip 
_ of land,.except for certain river outlets, extending from what is 
now New Jersey to the southeastern New England coast, with a 
large body of fresh water occupying the deepest parts of what is 
now the basin of Long Island Sound. This strip consisted of 
an elevated portion along the northern border, formed by the 
terminal moraine, left behind on the final retreat of the ice, and 
a plain region to the south, of varying width, representing what 
remained of the old Tertiary coastal plain, which formerly ex- 
tended out to what is now the 100-fathom contour. The flora 
which had been driven southward by the invasion of the ice re- 


1See ‘A trip to Montauk Point.’? Arthur Hollick, Bull. Torrey Bot. Club, 
xvili. (August, 1891), 255, 256. 

_ 2See “ Plant Distribution as a Factor in the Interpretation of Geological Phenom- 
ena,” etc. Trans. N. Y. Acad. Sci., xii (1893), 189-202. 
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turned when the ice receded, only such species becoming estab- 
lished, however, as could exist under the changed conditions. 
Fluctuations of level occurred ; the final epoch, extending to the 
present time, being one of depression, during which the strip of 
land was gradually disintegrated and separated into a series of 
islands, some of which exist to-day as Long Island, Block 
Island, Martha’s Vineyard and Nantucket, while the basin of 
Long Island Sound became filled with salt water. 

If we consider the geological features of these islands and 
compare their floras, we may note that all except Block Island 
still have a greater or less area of the plain region remaining 
with them, upon which a characteristic flora finds a home. 
Block Island has lost all.of its plain region and accompanying 
flora and is now merely an isolated portion of the terminal 
moraine, with small areas of modern sand-beach and dune for- 
mations, affording a home only for such species as can exist 
under those conditions. We may thus understand one of the 
causes which has determined the location and character of the 
flora and one of the reasons why it is so limited in the number 
of its species. 

Further than this, if the submarine contours of the vicinity 
are studied it will at. once be seen that a deep channel extends 
almost entirely around Block Island. This fact is especially 


emphasized if the twenty-fathom contour is traced out and con- — 


s 


tinued around our coast line from Cape Ann to Staten Island. — 
(See accompanying chart, plate IX.) From such a tracing the — 


fact is evident that if we could imagine the coast to be subjected 


to elevation, until the twenty-fathom contour became the coast — 


line, Block Island would yet remain an island, or perhaps a 


peninsula-like projection connected with the eastern end of Long — 


Island by a narrow isthmus, while Martha’s Vineyard and Nan- 
tucket would be part of the mainland of New England. 

The indications therefore are that Block Island was the first 
portion of the strip of land to be isolated and converted into an 


; 


island. The flora of the plain region, coming largely from the 


south and possibly always having existed close to the ice front, * 


1 It is well known that the floras of many regions where glaciers occur, exist and 


flourish, not only up to the ice front, but even upon the débris covering the ice. 


ee 
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would be the first to advance and occupy the ground, while that 
of the moraine, being more of a northern type, could not be- 
come established until the conditions due to glaciation north- 
ward had become modifled so that it could exist there and be- 
come distributed and Block Island, on account of its morainal 
character, would only be favorable for the flora which was the 
last to return. These geological changes then were probably 
what determined the general character of the flora in the first 
instance, and the next question for us to answer is what subse- 
quent causes served to modify it into its present condition. 

In the accounts of the earlier explorers and settlers the trees 
of the island are frequently mentioned and there is no doubt 
that it was extensively wooded at that time, but with what spe- 
cies there does not seem to be any record, except vague reference 
to pine, oak, beech, hickory, etc. In many of the peat bogs 
may yet be found large stumps, together with roots and branches, 
providing us with evidence that these early accounts were true. 
I saw one stump, about three feet in diameter, which had been 
dug out of a swamp at Clay Head, while at Old Harbor Point, 
in a swamp which had become exposed by the, action of the 
waves, were found numerous stumps, roots and branches. As 
before stated, the island is now practically treeless, except for the 
few wind-lashed and stunted individuals in the vicinity of dwell- 
ings or in sheltered swamps and hollows. The extinction of 
the arboreal flora was undoubtedly due directly to the necessi- 
ties of civilization, not only for the purposes of land cultivation 
and pasturage, but also for lumber and fire wood. On account 
of their isolated position, the population, in its early days, had 
to depend almost entirely for subsistence upon what could be 
gathered from or cultivated on the island. The disappearance 
of the trees is, therefore, readily accounted for by the direct in- 
fluence of man, and to this influence was, of course, indirectly 


due the extinction of such herbaceous plants as could only 
exist under forestal conditions. Subsequent cultivation and pas- 


turage destroyed many more, and the complete isolation of the 


island rendered the re-establishing of species by natural agencies 
a matter of time or fortuitious circumstances. 


/ 


70 HOLLICK. 


A limited number of species have, of course, also been intro- 
duced, purposely or accidentally, by human agency and are now 
part of the wild flora, and further additions will doubtless be 
made in the same way in the future, but as a study of plant dis- 
tribution Block Island will always be of interest chiefly on ac- 
count of the geological causes which determined the character 
of its flora long before the advent of man. 


Ill. MISCELLANEOUS NOTES. 


ARCH-EOLOGY. 


Around the shores of Great Salt Pond and on the sand dunes 
which border the western shore of the island evidences of former 
occupation by the Indians are numerous. Kitchen middens are 
exposed in several street cuttings ; implements are often found 
scattered over the surface of the ground in certain localities and 
skeletons have been unearthed from time to time. 

In many places the kitchen midden accumulations were so 
obvious that-it was impossible for me to ignore them entirely. 
They were found to consist of the customary collection of oyster 
and other shells, bones, pottery fragments, fire-cracked stones, 
charcoal, finished implements, rejects, flakes, chips, etc. An 
attempt was made to calculate the relative abundance of the 
several kinds of molluscs represented, with the following result : 

1. Oysters; 2. hard clams (Venus) ; 3. soft clams; 4. mus- 
sels; 5. pectens; 6. long clams (Mactra); 7. limpets; 8. 
land snails ; 9. occasional conch and razor shells. 

The finished implements found were two axes, of a plagioclase 
igneous rock and three arrow points, all of quartzite. The 
flakes and chips were found to be mostly of white quartz and 
quartzite, with chert and jasper sparingly represented. 


In the sand dunes are many old fire places, mostly buried by ~ 


the sand which has drifted over them. They could generally 


be located, however, by the thrifty nature of the turf on the 


surface immediately ‘above. Indeed, my atttention was first 


called to their presence by noticing the patches of short green / 
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turf, scattered at intervals through the tall grass of the dunes. 
Upon digging down to a depth of from two to ten inches I in- 
variably found accumulations of charcoal, cobble stones, shells 
and the bones and teeth of animals. A number of the latter 
were collected and subsequently submitted to Dr. Bashford 
Dean, of Columbia University, for examination, to whom I am 
indebted for the following list : 

Sturgeon, numerous plates. 

Bluefish, jaws and teeth. 

Swordfish, fragments of a skull and premaxille. 

Fish vertebre, not identified. 

Porpoise (?), fragments of ribs. 

Seal, fragment of a rib. 

Vertebre and tibia of a bird, possibly a swan. 

The indications are that the island would prove a rich field 
for investigation by anyone interested in archeology, as a fair 
amount of material may be obtained by mere surface scratch- 
ing, and systematic search would doubtless reveal much more. 
Aside, however, from the value of the material which might be 
collected, an insight would be obtained into the fauna which 
formerly inhabited the island and its surrounding waters—in- 
formation which would be of great interest to the zoologist. 

Nore.—After having made the few archeological observa- 
tions above recorded I learned by accident that explorations 
were being made: by others specially interested in the subject. 
This information caused me to abandon any further investiga- 
tions in that direction, in order not to anticipate any of the work 
under way, the results of which will doubtless be published in 
due time through other channels. 


ZOOLOGY. 

As might be expected, the existing fauna is comparatively 
sparse and is evidently very meagre compared to what once ex- 
isted on the island. In fact, the scarcity of animal life is sure to 
at once attract the attention of the observer from the main- 


land. 


Tree-loving birds are conspicuous by their absence, and I was 
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curious to know how the robins, which were more or less 
abundant, were in the habit of nesting. Bank swallows, red- 
winged blackbirds and meadow larks were the birds most in 
evidence, and I found a nest of the latter, with four eggs, on 
July 20th. A bird that I identified with reasonable certainty as 
the bay-winged sparrow was seen in considerable numbers, evi- 
dently breeding freely, as I found two nests, one with three 
eggs on July 13th, the other with two on July 25th. Unless 
my previous experience is at fault, all these nests represent very 
late broods, and this feature seemed to me to be a fact of suffi- 
cient interest for record. 

An interesting feature of the molluscan fauna is the immense 
numbers of Littorina litforia, the “ periwinkle” of the Old World, 
which is now by far the most abundant shell-fish on the shores. 
In places the rocks were found completely covered by them, to 
the exclusion of all native species. So far as I have been able 
to ascertain, the first record of the occurrence of this species in 
America was in 1857, at Halifax, Nova Scotia. In 1873 it was 
reported from Prince Edwards’ Island, and in 1875 from Pro- 
vincetown, Cape Cod. It was next found at Wood’s Holl and 
Newport, and on Loyd’s Neck, L. L, and on Staten Island in 
1888. I do not know of its previous record from Block Island, 
and am not informed as to its occurrence south of Staten Island. 
As it lives upon rocks, the sandy shores of New Jersey would 
probably not be a congenial habitat for it, and might limit its 
farther southward migration. 

Frogs and spotted turtles are plentiful, and I occasionally 
came across a few small striped snakes, but, except for those 
mentioned, the faunal elements were not obvious and would 
have to be searched for in order to be observed. 
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PLATE III. 
PAGE. 
Fig. 1. Ficus Krausiana Heer. Southeast Point. . . . + + 59 
Fig. 2. Magnolia Woodbridgensis Hollick. Ball’s Point: 32-2909 


Fig. 3. Gleichenia gracilis Heer (?). Black Rock Point. . . 57 
Figs. 4, 5. Thinnfeldia Lesquereuxiana Heer. Black Rock Point. 58 


Fig. 6. Zricalycites papyraceus Newb. Ball’s Point. . . . - 61 

Fig. 7. Juglans arctica Heer (?). Black Rock Point. . . . 58 

Fig. 8. Widdringtonites Reichit (Ett.) Heer (?). Black Rock 
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Figs. 9a, gb. Dammara microlepis Heer (?). Ball’s Point. . ~« 57 
Fig. 10. Moriconia cyclotoxon Deb. and Ett. Black Rock Point. 57 
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PLATE IV. 


PAGE. 


Figs. 1-3. Myrtophyllum (Eucalyptus ?) Geinitsi Heer (?). Black 
Rock Point. MO orttatr a Shoe IRA St 

Fig. 4. Salix proteefolia lanceolata Lesq. Black Rock Point. 

Fig. 5a. Salix proteafolia flexuosa Lesq. Black Rock Point. 

Fig. 5b. Eucalyptus ? nervosa Newb. Black Rock Point. 

Figs. 6, 7. Laurus plutonia Heer. Black Rock Point. 

Fig. 8. Celastrus arctica Heer. Black Rock Point. 
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Chart of the Atlantic Coast, from Cape Ann to Seden! Island, 


showing the location of the twenty-fathom contour. 
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[Annats N. Y. Acap. Sct., XI, No. 6, pp. 89 to 116, April 20, 1898. ] 


THE USE OF THE DUDLEY |‘ STREMMATOGRAPH” 
IN DETERMINING STRESSES IN- RAILS 
UNDER MOVING TRAINS. 


PoE Duptey7+C.E.,. PH.D: 
(Read February 7, 1898.) 
[Plates X—XIII. ] 


On former occasions I have presented to the Academy dia- 
grams of railway tracks showing the undulations of different 
weights of rails under moving loads as taken by my Dynagraph 
and Track Indicator car. 

Attention was directed to the marked reduction in the undu- 
lations in the stiffer and heavier rails put into service in recent 
years as a result of the earlier investigations. 

I also stated that with rails of a given stiffness, surfaced in 
the track to their highest condition, the trackmen can only re- 
duce the undulations to definite minimum limits for the wheel 
loads ; therefore, all undulations under the moving wheel loads 
of locomotives and cars with their increased dynamic effects due 
to speed can not be entirely reduced. 

To carry the trains, the rails not only deflect under the wheel 
loads, but the ties, ballast and road-bed are compressed until 
the total resistance equals the load. Action and reaction 
must be equal and before the latter is obtained for heavy loads 
on light rails rapid destructive work is done upon the ties and 
ballast, requiring frequent surfacing to keep the track up to its 
proper standard. The destructive work on the ties and ballast 
under stiffer and heavier rails is reduced as well as the neces- 
sary labor to keep them in surface. 

The weight of the locomotives and cars can only be tr ansmit- 
ted to the road-bed through the wheel contacts on the rails, 
which produces a general deflection of the rails under the wheel 
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base of the locomotives and cars, the greatest deflection being 
directly under the wheels. 

To carry and distribute the wheel loads to the ties, ballast 
and road-bed, the rail acts as a girder, the metal in the rails 
directly under the wheels above the neutral surface is in com- 
pression, while that below the neutral surface is in tension. 

On and near the supporting ties, shearing stresses are set up 
extending through the web of the rails as the wheels pass over 
the rails. 

The span of the deflection of the rails under the wheels is 
longer as a rule than the tie spacing, and in a short distance on 
either side of the wheels the nature of the stresses is reversed, 
the head of the rails being in tension and the base being in com- 
pression. 

The picture on the screen is a representation of the wheel 
loads and base of a Boston and Albany 100-ton locomotive 
standing on 95-lb. rails, showing in figures the actual depression 
of the rails, ties and road-bed under the static loads. The rails 
under moving trains rise slightly in front of the pilot. [See 
Plate X., Fig. 2.] 

The dotted line directly over the rail indicates its general de- 
pression under the wheel loads and base of the locomotive. 

The vertical scale is enlarged to render the depressions more 
distinct ; the greatest deflections in the rails and road-bed being 
directly under the wheel contacts. 

The truck wheels carry 20,350 lbs. per pair; the drivers 
37,500 lbs. per pair; the front tender wheels 18,500 lbs. per 
pair, and the rear ones 23,500 lbs. per pair. The depression 
and deflection shown for one rail is, therefore, for wheel loads 
only one-half of that per pair of wheels. Locomotives with 
much greater weights on the drivers are in general use. 

The depression under the front truck wheel of the engine was 
0.094 of an inch; between the wheels 0.086 of an inch, and 
under the rear truck wheel 0.100 of an inch. 

In the wheel space between the engine truck and front drivers 
the depression was 0.088 of an inch; under the front driver 
0.138 of-an inch; in the wheel..space between drivers 0.096 of 
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an inch, and under the rear drivers it was 0.140 of an inch. In 
the wheel space between rear driver and front wheel of the 
tender truck the depression was 0.086 of an inch; between 
front tender truck wheels 0.100 of an inch, showing abnormal 
conditions in the track, and under rear wheel of front tender 
truck 0.099. 

‘In the wheel space between the two tender trucks 0.095 
‘inches, and under front wheel of rear tender truck 0.113 of an 
inch and on the wheel space 0.106 inches and for the rear 
wheel 0.113 inches.’ 

A measurement of a short gauged length, say 5 inches, of the 

base of the rail under the wheels showed extension, while be- 
tween the wheels, compression. The measurements were not 
made in this manner, as it requires more time than can usually 
be obtained in the main line, but with a micrometer in one posi- 
tion on the rail each wheel and center of wheel space being 
stopped over the micrometer. 

Apparent stresses per square inch of the metal for the ex- 
treme fibers of the base of the rail ran as follows in one posi- 
tion of the rail for the different wheels and centers of the spaces: 

Tension Compression 
in pounds. in pounds, 
Front engine truck wheel,....... Ste Mee iken fodt on Peay 6780 
etter Ol, WHEE! SPACO gn cise sieres velon stan vaoe o00 1530 
Beeamsencime ruck Wheel)... 1.2.00. acc cannse even see 5340 
Center of space between rear engine truck 
Mpmet anid CiVET; erat. ic vedsiacecs vevs 2s == 3050 
Ren V CLs ae tase aoe mee slo wsivie alosie be vin ain woes eeiaeinee g160 
Center of space between drivers,.............. 3050 
BEPC VET She. 15. ob ca cece see nagecery ene seedeinie sein fein 9920 
Center of space between driver and front 
tend craw MeelSamateecectsch wae seisidel sisal ots 2290 
Pront. truck front tender wheel, .:....14..:...20i6s+- 3820 
Center of space between wheels, .............. 760 
1From Report for 1895, of Tests of Metals and other Materials for Industrial Pur- 
poses, made with the U. S. Testing Machine at Watertown Arsenal. Mr. James B- 
Howards, Railroad Track Experiments. By redriving the spikes in the ties, 
_. taking up all looseness between the rail and ties, the deflections and stresses were 
reduced over one-third in amount. 
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Front truck rear tender wheels, ...........-++++-+++: 3820 

Center of space between tender trucks,...... 1530 
Front: wheel rear tender truck, ...c..,2- 2220. oe eee 6100 

Center of space between wheels, ......-.....-- 0000 
Rear wheel of rear tender truck, ...............-2++ 6870 


The shaded ballast under the ties in Plate X., Fig. 2 is an ideal 
representation of the distribution of the pressure of the wheel 
loads through the rails, ties and ballast to the road-bed, the 
darker portions representing the most intense pressures. Under 
moving trains the wheel loads are transmitted as a series of 
waves of pressure to the ballast and road-bed. 

A series of alternating stresses run through the rails in con- 
sonance with the speed of the trains, the waves of greatest in- 
tensity being between the ties. Some of the slides will show 
that the tremors and vibrations of the rails are very decided 
under the wheels passing in quick succession. The duration 
of the greatest intensity of the stress of the metal is very short 
per lineal inch, being only a fraction of a second for the high 
speed trains, less than 1/250 of a sécond for a speed of 40 miles 
per hour; while the maximum stress increases with the speed, 
the duration of greatest intensity decreases. 

A rail in the track, like any other girder, to carry its loads 
without taking a permanent set, must not have the metal 
stressed beyond its elastic limits and it should be much less for 
a proper factor of safety. 

The diagrams of the earlier steel rails, which I have previ- 
ously shown, indicate that nearly all the rails had taken more 
or less permanent set ; therefore, the fiber stresses in the rails at 
times had exceeded the elastic limits. 

This important fact must be borne in mind, for the stresses 
which occurred in the early steel rails, even for the lighter 
equipment, were greater than I shall report for the present 
80-lb. rails. The stresses in rails may be much greater than 
would be permissible in bridge members, for in the latter they 
are of several seconds’ duration and the material a much lower 
grade of steel. High stresses in rails are not of recent origin, 
but occurred a few times daily in the early rails. The rails 
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would stand some millions of repetitions of stress nearly up to the 

elastic limits before fracture would occur. If such stresses are 

of a half hour or longer intervals some recovery in the metal , 
takes place ; but when fracture does commence, it seems to start 

between individual adjacent mineral aggregates, rather than 

through them, becomes progressive, and in many cases the 

complete rupture of the section may take one or more years of 

further service. 

The tests of many of the earlier steel rails show that the 
elastic limits only ranged from 35,000 to 48,000 lbs., the ulti- 
mate strength being about twice those amounts respectively. 

In the testing machine it takes 30,000 pounds tension to 
elongate one square inch of steel per lineal inch 1/1000 of an inch 
and the same force to compress it, which was nearly all the 
early steel rails permitted the extreme fibres in the base of the 
rail to be extended or compressed before set would occur. 
This margin was too small, and as the traffic increased it was 
impossible to maintain the tracks to a high standard even at a 
very large cost for labor. These facts lead me to urge the 
adoption of stiffer and heavier rails with higher elastic limits 
which would reduce the fibre stresses much below the elastic 
limits of the steel, increase the factors of safety and not require 
so much labor to maintain them to a high standard in the 
track. 

When I look over the diagrams of the earlier steel rails, it is 
difficult to realize that it is only fifteen years since I designed 
the pioneer 5-inch 80-lb. steel rail for U. S., which was rolled 
for and put into service in 1884, by the N. Y.C. & H. R. R.R. 

The Pennsylvania Railroad and others soon followed with 
s-inch sections of 80 or 85 lb.; 80 Ibs. becoming very general 
on Eastern Trunk Lines, forming a distinct epoch in the devel- 
opment of American Railways. 

It takes many years to change the section of rails on a long 
main line, while the design of new equipment and construction 
is but a few months’ work and easily keeps in advance of the 
permanent way improvements. 

The slide on the screen is from a photograph of the “ Empire 
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State Express”’ on the third day of its installation in November, 
1891, taken near Syracuse when running at 60 miles per hour 
, on 65-lb. rails before the entire main line had been relaid with 
80-lb. The photograph, and another one of the same train, 
which will be shown, were taken by Mr.:A. P. Yates, Official 
Photographer of the N. Y. C. & H. R. R. R. Co. [See Plate 
MIL Figs t:| 

The installation of the ‘“‘ Empire State Express,” the fastest long 
distance train ever attempted, aroused a great deal of discussion 
among railway men as to the possibility of maintaining it for 
any length of time. It was considered by many a doubtful ex- 
periment. But few people realized how high the standard of 
the track had been raised in the past few years and the decided 
advantages of the stiff 80-lb. rails in most of the track for such 
high speeds. 

It is exceedingly interesting that one picture was obtained 
when running on 65-lb. rails as showing the depression of the 
rails under the engine, tender and front truck of the first coach. 
The picture will become historic. I have studied an enlarge- 
ment of the picture nearly equal to that now on the screen and 
have traced the general depression of the rails and ties as stated. 
The wave of the rising rail preceding the pilot can also be seen. 

A train at 60 miles per hour runs 88 feet per second, which 
is longer than the entire wheel base of the engine, tender and 
front truck of the first coach, making, in the case of the “ Empire 
State Express,” eleven wheels to run over a given point in the 
rail per second, each wheel causing and reversing stresses of 
several thousand pounds, violent tremors and vibrations being 
set up in the rails." The permanent set in the 6 5-lb. rails of the 
next track is very apparent. The 65-Ib. rails were replaced by 
80-lb. rails in 1892, 

The majority of the earlier 60 to 6 5-lb. steel rails had all taken 
a set in the tracks, the ties were cut out from ¥y to 1% inches 
in depth under the rails, and the undulations per mile ranged 
from 8 to 12 feet. The slide on the screen is from a photograph 
taken of the “ Empire State Express ” at 60 miles per hour on 
80-lb. rails. I have not been able to trace the depression. of.the 


cee 
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rails under the moving train ; nevertheless it occurred, but to 
much less extent than on the 65-lb. rails. [See Plate XII, 
Fig. 2. | 

On the diagrams of the heavier rails of recent years, the un- 
dulations per mile on the 80-Ib. rails have been reduced to less 
than three feet, and on the 100-lb. rails to less than two feet; 
as measured by my car, the rails being in good surface ; the ties 
showing but little abrasion under the rails. 

In 1883 it was considered by many that a 53-inch 80-lb. rail 
was stiffer and heavier than necessary, while others thought it 
would provide for the future development of the railways for all 


‘coming time. 


The rails once in the track furnished a practical demonstration 
of the value of stiffness in rails and soon led to an increase of 
speed and heavier equipment, increasing the fibre stresses in the 
8o-Ib. rails over that for which they were designed to sustain. 

In March, 1892, my 6-inch roo-lb. rail section was rolled, the 
first to go into service in the United States, to again reduce the 
fibre stresses in the rails to meet requirements of increasing 
traffic. To date there are several thousand miles of 100-lb. rails 
in use in this country. 

In the last decade all of the Eastern and many of the Western 
trunk lines have been laid with stiff rails for the purpose of 
keeping the fibre stresses in the rails down to safe and economic 
limits, though this feature of the matter has received but little 
discussion. 

In 1888 in connection with Mr. James E. Howard, of the 
Watertown U. S. Arsenal, I had one of the Boston and Albany 
passenger locomotives weighed and ran it onto rails in the main 
track, the upper side of the base of the rail having been pre- 
pared with prick punch marks practically 5 inches apart, the 
space having been measured with a micrometer to 1/10,000 of 
an inch. The measurements were repeated after the locomotive 
was on the rails to ascertain the compression of the base of the 
rail between the wheels and the elongation under the wheels. 

From the results the apparent stresses in the rails were com- 
puted for the static loads which were probably too low as the 
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largest stress was only 13,500 lbs. on a 4%-inch rail for a load 
of 16,000 lbs. on drivers. 

Mr. Howard in 1893, 4 and 5 repeated the tests on other rail- 
road tracks and heavier rails and found apparently higher stresses. 
I repeated the experiments on rails in the tracks, and the results 
seeming low I had solid piers erected and witlr rails 30,feet long 
under known stresses I found my results were too low. 

With micrometers designed for the work the results for static 
loads should be fairly accurate. 

The determination of the stresses or rather the compression 
and elongation of the metal in the base of the rail under moving 
trains is a much more difficult problem, or rather a series of 
problems, than it is for static loads, and I am not aware that 
any one has attempted their solution before I attacked them 
the past year with my Stremmatograph and its accessories. 

A mathematical expression for the stresses of rails under 
moving trains, its span for the ties and wheel spacing, the deflec- 
tion and compression of the ties, ballast and road-bed, has not 
been fully determined, though many efforts to do so have been 
made. 

Such a formula would also have to consider the many condi- 
tions of the path not only described by the centre of gravity of 
the locomotive, tender and each car of the train, but also those 
of the rotating wheels, their mass and speed, the smoothness of 
the rails and the more or less sudden application of the loads. 

The principle of the Stremmatograph is to record on a mov- 
ing metallic strip the molecular compression or elongation of 
the metal in a given length of the base of the rail, induced by 
the stresses, produced by each wheel of the moving trains under 
the many conditions of service. 

These records can be measured by filar micrometers under a 
microscope and then from the modulus of elasticity of the steel 
compute the stresses which produce the given compression or 
elongation per square inch of the extreme fibres in the base of 
the rail. [See Plate X, Fig. 3.] 

The object of the Stremmatograph is to convert rails of any 
section and weight, of any system of permanent way construc- 
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tion into testing machines in the track and show how much 
they are stressed due to the wheel loads and spacing of any 
type of locomotives and cars moving over the rails at the differ- 
ent speeds of service. 

It is to replace what is now mere conjecture by reliable in- 
formation that further progress may be made in the interest of 
greater safety and economy. [See Plate XI., Fig. 1.] 

The picture on the screen shows the first form of the Strem- 
matograph attached to the base of the rail between the figures 
2 and 3 on the scale bar, and under the front driver of the 
freight mogul engine, No. 596, of the New York Central & 
Hudson River Railroad. It is on the East-bound, or track No. 
1; 5%-inch 80-lb. section ; outside rail on a 3-degree curve 
and down grade of 10 feet per mile. The location is opposite 
the southeast corner of the West Albany Paint Shop. The ties 
are yellow pine 7 by 9 inches and 25-inch centres ; gravel bal- 
last; the tracks being in good condition. A number of tests 
of passenger trains were made under the same rail. The ex- 
periments made on track No. 2 were directly opposite, the rail 


- being the inside one of the curve. The section was the 5-inch 


80-lb. model of 1883; the rails were rolled in 1890 and all 
straightened on narrow supports in the mills; were heavily 
gagged and had a wavy surface. 

The rails on track No. 1 are much smoother, the supports in 
the straigthening presses having been made wider apart. On 
track No. 1 two experiments were made with locomotive No. 
596, one at a speed of two miles per hour and one at ten miles 
per hour. The total weight of the locomotive was 96 tons ; the 
engine 60 tons, with 15,500 lbs. on pony truck and 104,500 lbs. 
on three pairs of drivers. The tender weighed 72,000 Ibs. or 
9,000 Ibs. per axle. This type of locomctive is the standard 
for freight service for the road. 

It had been recently through the shops for general repairs, 
the tires of the drivers having been turned the same as when new. 

The tender wheels were new cast-iron chilled wheels 33 
inches in diameter and unground. 

At a speed of two miles per hour the locomotive passed over 
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the rail to which the Stremmatograph was attached, the steam 
having been shut off a few feet before reaching the instrument. 

The record of the molecular compression and elongation of 
the metal due to the stresses in the base of the rail was very 
smooth and distinctly delineated. 

For the unground tender wheels slight tremors in the rail 
were distinctly indicated, a fact previously noticed under switch- 
ing locomotives with the same class of tender wheels running 
over very light rails in the yard. 

The apparent mean stresses for the extreme fibres of five 
inches in length of the base of the rail computed on a basis of 
30,000,000 lbs. for the modulus of elasticity of the steel were as 


follows. 
For a speed of 
Two miles Ten miles 


per hour per hour 
Compression in front of pony truck,............ 1417 lbs. 1653 lbs. 
Tehsion wader pony truck, . 0s wiiv. cc occas 7086 ‘S iste att 
Compression between pony wheel and front 
LEAVE N, (Gan Wade ce seks iia tere ac oe ee oe 2129 ‘5 ---4goanes 
A ensign under frontadsiverse....cusscckeseeeeeeee 10629)" (g44Bee 
Compression between front and middle driver 5433 ‘‘ 8031 ‘ 
Tension under middle. driver,............0sseves 5905. ‘* ..4960 ‘* 
Compression between middle and rear driver, 4o15 ‘‘ 5673 ‘¢ 
A eNsiOn. NNGer, Peay river, (ci. stats spe eden ce eee 9370. “* - 9645.06 
Compression between rear driver and first ten- 
Chet, WHEEL co cdewens ted komen eet eee ee ares A615. "*" “Raye 


For the speed of ten miles per hour the locomotive was 
working under steam and being accelerated as it passed over the 
instrument modified the wheel pressures to some extent. 

The tremors from the tender wheels were very decided in this 
run and were felt for the entire length of the rails. The fibre 
stresses in tension are small for the loads upon the drivers even 
for an 80-lb. rail, while those in compression are higher than 
usual for the same weight of rail. The section is 5% inches high 
and the stiffest 80-lb. rail which has been rolled in this country. 

There is also another reason for the nearly balanced stresses. 
The two ties between which the Stremmatograph was attached 
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to the rail were very firm in the ballast, and to the eye did not 
Seem to depress as much as those on either side ; therefore, the 


_ compression stresses should be higher than on ae all practically 
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depressing alike in the ballast. 

It will be exceedingly interesting and important to have the 
records of stresses under this type of locomotive when drawing 
one of the trains of fifty-five 60,0c0-lbs. capacity cars, each 
carrying 1,000 bushels of grain. 

The picture on the screen shows two trains side by side of 
fifty cars each, the length of one train not quite reaching from 
New York to Chicago, but each is 2,000 feet long, and 2,640 
such trains would fill one continuous track between the two 


e cities. [See Plate XIII. ] 


In the trials of a number of switching locomotives in the y ard, 
on tracks of not very uniform tie spacing, the locomotives having 
three pairs of coupled drivers, but without pony truck the front 
driver usually shows greatest tension on the 65-lb rails. 

Under locomotive No. 1, at Grand Central Station, having 
125,000 lbs. upon drivers, the instrument between ties of 30- 
inch centres, having tie plates, the apparent mean stresses were 
as follows ; on 65- and 100-lb, rails respectively : 


65-1b. rail. 100-lb. rail, 


eompression injfront of driver, .....:....cs.....+ 2,071 IDS. I,i8t ibs. 
Tension under front driver, ....... poner: eae 51,004 3,035 * 
Compression between front and middle driver, 2,124 ‘‘ 2,834 
Tensigh under middle driver, ...:...0.....s.00: a2 Aaee*© 6 84G2** 
Compression between middle and rear driver, 2,362 ‘‘ 2,834 
Miermamuinder Year driver, .i...<sieec ce cesee ese 25.950 °° 8G, 14a" 


The 65-lb. rails are of recent composition, the elastic limits 
of the steel being 60,000 lbs., while on the 100-lb. rails it is 


65,000 Ibs. 
In the above table it is interesting to note the great reduction 


and more uniform fibre stressses in the 100-lb. rails as compared 


with those in the 65-Ib. rails. The 65-lb. rails require from six 
to eight times as much labor to keep them in surface as the 
100-lb. rails in the Grand Central Yard. 
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The record curves of the stresses of compression and tension 


of the metal in the rails between and under the wheels consist of 


a series of very much flattened upper branches for the compres- 
sion between the wheels with very much sharper lower branches 
for the tension. [See Plate X., Fig. 1.] A similar record is 
obtained by having a particular portion of the rail stressed by a 
moving train as shown by the enlarged records of the Strem- 
matograph on the screen of two trains. [See Plate X, Fig. 2.| 

After the Stremmatograph is attached to the rail a reference 
line is ruled on the metallic strip and then the scriber point is: 
moved a few thousands of an inch, the instrument started anda 
line about 14 of an inch long ruled, which in reality becomes. 
the measure for a median line, and the distance to the reference 


—— 


line measured by the micrometer. When the train is within a ~ 


rail length of the instrument it is again started ; the metallic 
strip moving at right angles to the rail ; the scriber point re- 


cording the mean molecular compression and extension of the — 


base of the rail usually for five inches in length. 

The upper lines are the records for the 5-inch 8o-lb. rail on 
inside of curve as already described in track No. 2. The rail 
has a very wavy surface, the stresses being very largely aug- 
mented owing to that feature. The locomotive was No, 888, 
Class I, of the N. Y. C.& H. R. R. R., drawing five Wagner 
Palace Cars, ; speed 40 miles per hour and being rapidly accel- 


fo 


lerated. The extension of the metal in the base of the rail due 


to the the several wheel loads of the locomotive and car can be 
traced, those of the locomotive being very distinct, while the 
compression of the metal between the wheels can also be seen. 

The rail was the inside one of the curve, track No. 2, in loca- 
tion already described. The rising of the rail in front of the 
pilot is plainly seen, the stresses of: 


Compression : beitig..< .. aveye avn ted ook oa cip hanes duane ren tee 1,417 lbs. 
‘Lension under front truckawheell 2. -ve.secsesee cee e eh oe eer 135070mec 
Compression between front and rear truck wheel.......... 33000 sas 
Tension “under rear truck wheel sa.s.crcasdests ss eaten 12, 570m 


Compression between rear truck wheel and front driver. 5,433 ‘‘ 
Tension under front driver 


ee 


STREMMA TOGRAPH. 101 
‘Compression between front and rear driver, ................ 2,120) |bs, 
Biba ROMER EAT OLIVET sco. fas cock vs debs on dee tocdaraceencens ZOLA SA We 
‘Compression between rear driver and front tender,........ Bngo2s i 
srensionunder front tender wheels,.....cec..ci.e..sesees vcs 1275 3 
sompression between front truck wheels, ........5.......06 ven ae 
slension under rear front tender wheels, .............00..056. ES dG ares 
‘Compression between front and rear truck,.................. Ae ies 
Shencion uncer rear front truck wheel, .....2..0cc0..0.<00cs0+s THA, Coven 0 
‘Compression between front and rear wheels,................. Foo9. 
ee-e-ronrunier rear tender WHEEIS,... 20. ....0s scedeceeessss0es ay a 
Compression between rear tender wheel and car truck,.... 7og <é 
ihensiomemnder tromt car wheellsn cars. .cc) cmos ce soa reas vse ce EAA Oommas 
Compression between 1st and middle wheel,............... ee ol 
Men samunder middie car Wheel, o0.6...3 s2tcncsnscsecisessecnenddy 72) ** 
‘Compression between middle and rear wheel,............... BNA Aaah 
Peneroml HNGEer TeAr-tTUCk WHEEls cesses. yacch ceed saueecrantoces Ue ov CC 
Compression in center of space between trucks,....... ... A xe pea 


The other wheels of the several trucks of the cars indicate 
nearly the same stresses. 

The record of the other train on the slide is quite similar to 
the one just described. The tremors and vibrations which are 
set up by the rapid reversal of the stresses, the slight irregulari- 
ties in the surface of the wheels are very decided, as the records 
show. 

On the wavy surface of the rail on which these records were 
taken, the combined static and dynamic effects in producing 
stresses are about double at 40 miles per hour of the static 
effects from the same wheel loads. This rate is much higher 


- than has been found upon smooth rails. 


The importance of having the rails well finished, as we have 
compelled the mills to do for some years, is very fully confirmed. 
The necessity of having smooth wheels, perfectly round is very 
important, particularly for fast trains. 

In a number of records on the same rail, the engines when 


using steam to accelerate the train, the front driver has shown 


“OL See ee) 


greater stress than the rear driver except in one instance. 
The position of the counter-balance in all of these experiments 
has been noted by the eye, and up to 35 miles per hour it has 
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not made any noticeable difference in the stresses whether it was 
up or down on the N. Y. C. & H. R. R.R. locomotives de- 
signed for the high-speed trains. This statement must only be 
taken as applying to the conditions under which these experi- 
ments have been made. 

For the fast trains the locomotives will be photographed 
as they pass over the Stremmatograph in the track, and as this 
must be done nearly on the side it is much more difficult than 
taking the locomotive on an angle head on, as in the case of 
those shown of the ‘‘ Empire State Express.”’ 

Stresses in track No. 1, 5%-inch 80-pound rail, engine No. 
901, with train; speed 20 miles per hour : 


Compression In front Of pilot,...- 05.2: ces cus Ges oanceeenenns 2,362 lbs. 
‘Tension unger tront trucks wheel acs) ese escent sees ti, k740 
Compression between truck wheels; oo... <<. 2+. ocanseas ting AST 2A aoe 
Tension under rear, truck wheel,.- jccecess-cseteesseneeeese 6,38499-— 
Compression between truck and front driver,.............. 5,9eR. * 
Aension ander front. driver. eticstec ces cadaduteeteenaeees 12,0467 << 
Compression between front and rear driver,..............- 0.443 9°" 
“Lension under redr: AEVersc.asseves secession ews ina teehee TAS eee 
Compression between driver and tender wheel,........... 33970 se 


The rail in this case is the outside one on the curve and in a 
number of records the stress under the front truck wheel of 
passenger locomotives have been much higher than in the rear 
wheel of the same truck, especially on outside rail on a curve. 

In static tests the front truck wheel almost invariably shows 
larger proportional stress than the drivers. 

Stresses in 100-pound rail under the ‘‘ Empire State Ex- 
press,” engine No. 870 and four cars, leaving Grand Central 
Yard, speed 10 miles per hour. 


Compression in: frontvof pilot, . 5401... vanes vse en gee 1,322 lbs. 
Tension under’ front truck:wheel,. 3: .ccce. csc ay come eae eee 5,047 
Compression between truck wheels,..................5- waeeee 1,050.25: 
‘Tension under rear-timek whéel; «J s57<e. av eeeoeiii ee es oes 3,304. <% 
Compression between truck and front driver,............ see 3,139 088 
‘Tension front driver, 2.5.7. o. .ie.ces ee ee ein eee 8, Barg.-6° 


Compression, between drivers” .4..... est eee ee 25490 <6 
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Beri sna tree ainiChilivcelent meee: «et si o..o0 let cln, 2 Jade slaesieb'ae tele oe ee -aio 6,443 lbs. 
Compression between driver and tender truck,.............. OOS aus 
PemsiOmuront CCHCer WEE! s.0c.cacesmavavenaencaquce geese ees os A, 460. 6 
mompression between truck. wheels, ... 0. -casscs-csgaenaees ae ess 
Tension rear tender wheel front truck....................005+ A, AO) |< 
Compression between-trucks......,..........:. Ore re EES 5, GTO 
BleamsioOnerToOnt wheel Tear tEUCK.....,ccsteece casislaieeetelictetives vie fe Comat 
ompression between Wheels, .5.4.5 vessagessnsssenes eee sseeen EsOn! 
Mem sonstear wheel rear truth, . 25 quidssneers VarviiecaeVesesens SLAG eS” 


The rail was.the outside one on a 3-degree curve ; stone bal- 
last ; oak ties with tie plates—24-inch centres. 

The marked reduction in the stresses on the 100-Ib. rails is 
very plainly seen. 

Testing the Stremmatograph February 14th, 1898; Grand 
Central Yard at 48th Street, on 100-Ib. rail, special brick piers 
capped with chilled iron supports 30 feet apart. “Temperature 
44 degrees Fahr. Fairbanks U. S. Standard weights. 

The modulus of elasticity taken at 30,000,000 Ibs. which for 
the temperature a number of tests have shown for the same rail 
to be practically correct. 

The Stremmatograph was applied to the base of the rail, and 
the deflection measured by a micrometer, securely attached to a 
heavy bridge abutment by which the brick piers were purposely 
located, and from the centre of the rail 500 lbs. of standard 
U. S. weights were suspended and the deflection again meas- 
ured. From the observed deflection the moment of inertia of 
the rail was recalculated. The section for the test was origin- 
ally slightly over-weight. The rail has undergone considerable 
oxidation in two years, reducing the moment of inertia as origin- 


ally rolled. 
For the so0o0-lb. load the stress in base of the rail computed, 


2,747 Ibs. 

On the Stremmatograph slide, the scriber point was set 
and a short line ruled, the scriber point was not moved anda 
second line ruled, but merely displaced by the elongation of 
the metal, and then the slide slightly moved forward. The 
slide was then measured under the filar micrometer with the 
utmost precision and the observed stress computed 2,745 lbs. 
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Results within a few pounds should be expected between the 
computed and observed stresses on the brick piers. Close results 
must be obtained to test the mechanical perfection attained in the 
construction of the instruments. 

The tests mentioned in the paper and many others have all 
been made upon locomotives and trains in regular service. 


TasBLeE NO 1. 


GIVING THE GENERAL DIMENSIONS OF THE DIFFERENT RAIL SEC- 
TIONS MENTIONED IN THE TESTS OF THE PAPER. 


Moment 
' Width in . Neutral 
Tei Height | Thick- | Moment z Moment of 
veces . of Sees inches of Sh ness-of! of Pore of Resist-| Inertia 
per Py and tion in | | Web. Inertia. Basel anne.> Vertical 
Inches. Head. | Base: Inches. | Inches. laches: Inches. Pepe. 
| | | ‘ 
| | 
65-lb. Old 
Model. 45 | 25 | 4% y | 16.60 | 2.20 | 7.546 
80-lb. Dudle ‘ | 
1883. aes 213 | 438 i | 26.00. | - 2.47 | 10.526 
80-Ib. Dudle / 
1890." | S# | [s28b 105 | Peel -2850-) 250: | at-goo jeunes 
100-lb, Dud- 
ley, 1890. | © | 3-00] 53 | 3% | 48.50 | 2.93 | 16.553] 9.60 


Nore.—In answer to a number of inquiries since reading my paper, regarding the 
stresses in rails under static loads, I have added as an appendix, a portion of Mr. 
James E. Howard’s description and three tables from his experiments for ‘* Static 
loads,”’ set forth 2 extensio in the United States Government Report on Tests of 
Metals and Other Materials for 1895. 


This will be a convenience to many who have not access to the above valuable 
paper. 


APPENDIX. 


RaitroAp Track Experiments By Mr. James E. Howarp. 


from Report of the Tests of Metals and other Materials for In- 
dustrial Purposes, Made with the U. S. Testing Machine 
at Watertown Arsenal, Massachusetts. For 1895. 


THESE experiments comprise observations on the fibre stresses 
developed in rails in the track, the depression of the rails, and 
the slope or inclination of the rails caused by the weight of the 
different wheels of the locomotive. 


J Vea Oa 
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_ The results show some of the phenomena displayed by rails 
in service under static conditions of loading or when a loco- 
motive passes slowly over the track. 

The tests will in a measure supplement laboratory experi- 
ments in this class of material, in addition to the aid which they 
may afford to practical questions pertaining to maintenance of 
Way. 

The series were made chiefly on the track of the Pennsylvania 
Railroad, where exceptional opportunities existed for examining 
road-bed, embracing a wide variety of conditions of weight of 
rails and different kinds of ballast, and its behavior under heavy 
types of freight and passenger locomotives. 

The tests were made during the early part of the month of 
November, 1894, on track in the condition it was found in ser- 
vice. 

The experiments on the Boston & Albany Railroad were 
made, with track on frozen gravel ballast, in: the month of 
February, 1895. 

Describing the methods of making the experiments, the fibre 
stress tests were made by means of a micrometer mounted on 
the upper side of the outer flange of the base of the rail, at a 
place midway adjacent ties. The instrument covered a gauged 
length of 5 inches. 

The micrometer was adjusted in position, and then the several 
wheels of the locomotive were successively brought over the 
gauged length, or until the same was midway adjacent wheels. 

The instrument was read when the locomotive was at each of 
these positions. It was found practicable to make the microm- 
etre observations without arresting the locomotives in all 
cases, taking the readings as the locomotives passed slowly over 
the rail. 

In this manner the strains developed were measured, and 
elongation of the metal showing tensile stress, and a contraction 
in the gauged length showing compressive stress. 

The measured strains were reduced to stresses per square 
inch, assuming the modulus of elasticity of the steel to be 30,- 
000,000 lbs. per square inch, and correcting the observed strain 
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in order to obtain the maximum fibre stresses, on the further 
assumption that the strains were proportional to their distances 
from the neutral axis of the rail. 


TasBLe No. 1. 


RAILROAD TRACK EXPERIMENTS—GENERAL DIMENSIONS OF RAILS. 


Moment | Distance Neutral 


Weight | Width Width |Thickness| Moment | of resis- | Axis to Outside 
per Height to) of Co} of tance. Fibre. 
Yard. Base. | Head. Web. Inertia es 
f ““n' | Head x | Base x! 
| 
Pounds. | Inches. | Inches. | Inches. Inch. Inches. | Inches. 
60 4h 4i | 28 } 14.222 | 6.693 | 2.125 | 2.125 
70 44 4 275 4 18.058 | 8.282 | 2.32 | 2.18 
bags Mik? 5 5 14 26.374 | 10.853 | 2.57 | 2.43 
100 es 53 21% & 38.957 | 14.812 | 2.87 2.63 
95 53 53 3 t 32.280 | 13.563 | 2-65 | 2.38 


TaBLE No. 2. 


WEIGHT OF LOCOMOTIVES. 


Engine. Weight per wheel. 
‘ Total, |———|_ Tender, 
Locomotive. | Rowasie Paces iivers Pasads 
PoundetPounde: Wheel. Pounds. | Tons. 
, Ae ae Pilot. 9.937 
assenger No. 809, Driver, first. 21.750 
Class Pk. 197-050] 39.750 | 87-300) 70.000 Driver, second.| 21.900 
‘ Tender. 8.750 
. = Pilot. 12.575 
assenger No. 1515, Driver, first. 24.250 
Class T. &22. $00) 50. 300:).95.200} 77-000 Driver, second.| 23.350 
Tender. 12.833 
Pilot. 5.500 
Trentino ee Driver, first. 13.250 
reig 0. 557) |188 6 Driver, second.| 13.750 
Class R. -600| 11.000 |113.800) 63.800 4 |nyiver, third. | 15.650 
| |Driver, fourth. | 14.250 
 \Tender. 7.975 
Pilot. 10.175 
Paseon ue ae Driver, first. 18.750 
0. .209, Driver, second.| 18.750 
- \I ° . . 

B. & A. R. R; [199-70] 49.700 | 75-000) 84.000 4 Irendes, pas Ss 
First truck. 9.250 
Second truck. | 11.750 
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TaBE No. 3. 
- MAXIMUM FIBRE STRESSES IN BASE oF RAIL. 
Rail 3 Tensile Fibre Stress per Compres- 
Weight , Square Inch. sive fibre 
per Ballast. Locomotive. stress per 
= poe Pilot. Drivers. | Tender. “neh 
Pounds. Pounds. | Pounds. | Pounds. | Pounds. 
60 Gravel. |Pass., No. 809, Class Pk.| 6.180 | 11.670 | 2.750 | 1.370 
Z 60 ec Fret, “557, “ R. | 3.430] 7.550 | 3.430 | 690 
Es 60 stone;  |\Pass., ** 809, ‘* Pk.) 11.860 | 19.540 | 9.770 |. 3.490 
60 oC Seen eS hy eee eek. LOO M—LOLOSO 4) O77 0M | TO 
70 Cinder. jirass.,. 800, = Pk: 105730 |) 27-1705) 10:020 | 4.200 
70 Gravel. Ce men Ceca nO TO7 On eT SsO20t S82 S0ulNe.5 620 
a 70 ee UEC as eee 5 Sem, FS OOM ES OON len O.2 TOR se 4e O20) 
m= 70 plone.) w|rassy) “<1 S09, *o Pl ||10:070 | £4,300 ||, -7.910:| 6.470 
70 se GS Etotemes a5 hi mncen ae O:4700let G5 TON| 0470: |e i27 550 
70 ipridens iPass, * 600, 0° Pano) 450. | £8,180.) 10-9101} 92.180, 
2 Gm puce bares Sh KORE 1 ro) 840 122, TAO ||| 9,230") 8.300 
85 Cinder eihass. SOG, Se Pike. 7,260: ||) FO10301 || 5.020)» 25580 
e 85 se BL COSTAE EC MOC» Ans TSG ge Voy Hak wien ere) I Ee fapotee}n||) May: tae%ar0y 
85 ge EM Oth tee 5G faucet ifn 325SOil! sO: O20 155020211 4.1300; 
3 85 Gravel. |Pass., *‘ 809, ‘* Pk.| 10.750 | 12.180-| 6.450 | 4.300 
Se 85 Oe eS ES cm Lal O-31 Oe l7 4520) | OY3TOr| «35,020 
: 85 <o note crn G67) meme Deus al LOOM 10,080) 12.9701 1-57. 06O, 
85 tome. Pass... “© S009, 6 Pkii 7.160 |) 10,750. 4.300 ° | 4.:300 
85 oe notes oboe com IR hy de 300n | TO,O300iN 5.02024 3.580 
100 Shonen ass. 6c O00). 6) Pics. G:320' 1) —“O5840 | 5.6201)» 4.220 
100 Stone—tie “ec ““c 6e Cie AGE 
ae 10.540 | 18.970 | 8.430} 2.110 
= 100 Stoncemeviirciemes So7en fe Ree S16 5Oo) 6.430. (4.22001 912,910 
a 95 |Frozen grav. dé 
aie aes Pass., 209, Bra.R.R.| 6.870 | 9.920 | 6.870 | 3.050 
95 Frozen grav. 6c 66 ‘ Ces 
Nes G ¢ 7.630 | 11.450 | 6.870 | 27.630 


‘‘a”? Taken at different point on the rail. 
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EXPLANATIONS OF PLATE X. 


Fic. 1.—Representation of the continuous curve showing how the 
metal of the rail is stressed under the wheel loads of a train. 

Fic. 2.—Wheel loads and wheel base of Boston and Albany Passen- 
ger Locomotive, No. 209, on 95-lb. rails ; showing deflection of 


rail and depression of the ties, ballast and road-bed under the wheel 


loads. 

Fic. 3.—Stremmatograph records, enlarged 234 times. ‘The first 
made under fast trains, the tremors and vibrations in the rails be- 
ing very decided.. The records on the bronze plates are more dis- 
tinct than in the reproduction. The upper record was from loco- 
motive No. 888 and 5 Wagner Palace cars; the lower record was 
from locomotive No. 889 and 7 cars. 
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PLATE Xf. 


Fic. 1.—Stremmatograph attached to base of rail to obtain record of 
the stresses of locomotive No. 596 on Track No. 1, 5%-inch 8o0- 
lb. rails. ; . 

_ Fic, 2.—Locomotive ‘‘ DeWitt Clinton’’ and train of the Mohawk 

and Hudson R. R. Co., 1831. The first American constructed 

locomotive and train. The inception of the New York Central 
and Hudson River Railroad. The progress of 60 years was dem- 
onstrated by the installation of the ‘‘ Empire State Express’’ in 

1891, the ‘‘ fastest long distance train in the World.’’ 
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ANNALS N. Y. Acap. Sct., XI, April 20, 1898—8. 
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| PLATE XII. } 
Fig. 1.—‘‘Empire State Express’ running 60 aries es hour on ¢ 

“Ib. rails. Locomotive No. 862, Noy., 1891. ae a ic zy 
Fig. 2—‘‘Empire State Express’? running 60 miles per hour 
Ib. ce EeeRnOn Ys No.) gegen: 1 1 Fae ee 
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NEW YORK 


- ACADEMY OF SCIENCES. 


Fifth Annual Reception 
and Exhibit of 


Recent Progress in Science 
in the’ 
~ American Museum of Natural History, 


April 13 and 14, 


1898. 


Committees, 


Honorary Committee of Members. 


ADDISON BROWN, MORRIS K. JESUP, 

CHARLES P. DALY, SETH LOW, 

WILLIAM E. DODGE, HENRY M. McCRACKEN, 
ABRAM 5. HEWITT, WILLIAM C. SCHERMERHORN. 


Reception and Exhibition Committee. 
HENRY F. OSBORN, CHARLES F. COX, 
REGINALD GORDON, GARY N. CALKINS, 

RICHARD E. DODGE, Chairman. 


General Committee. 


Anatomy: GEORGE S. HUNTINGTON anp JOS. A. BLAKE. 
AsTRONOMY: J. K. REES, HAROLD JACOBY anp H.S. DAVIS. 
Borany: GEO. V. NASH. 

CueEmMistry: CHAS. A. DOREMUS. 

ELECTRICITY: GEO. F. SEVER. 

ETHNOLOGY AND ARCHZOLOGY: FRANZ BOAS anv L. FARRAND). 
EXPERIMENTAL PsycHoLocy: CHAS. B. BLISS. 

GroLocy: ARTHUR HOLLICK. 

MINERALOGY: EDM. O. HOVEY. 

Pat zonToLocy: GILBERT van INGEN. 

Puotocrapuy: CORNELIUS Van BRUNT. 

Puysics: WILLIAM HALLOCK. 

PuysioGRAPHy: R. H. CORNISH. 

ZooLocy: E. B. WILSON. 


PROGRAMME. 
APRIL 13; 
RECEPTION TO MEMBERS OF ACADEMY AND 
INVITED GUESTS, 2 - - - 8-10 P." M. 
APRIL 14. 
AFTERNOON EXHIBIT, - - - - 3-5 P. M- 


EvENING RECEPTION, TO MEMBERS OF THE 
SCIENTIFIC ALLIANCE, . - - S-II_P. 
DEMONSTRATIVE ADDRESS, ‘* THE FUNCTION 
or LARGE TELESCOPES,” Promptly at- - 9 P. 
By Pror. Geo. E. HALE. 


PRECEDED BY AN 


M. 


INTRODUCTION BY THE PRESIDENT OF THE) ACADEMY, 


Pror. Henry F. Osporn. 


AND BY THE PRESIDENT OF THE MnsEuM 


Morris K. Jesup, Esq, 


le 


pee ee 


ee et le 


ape, ar 


SS 


Ssh 


t 


NEW YORK 
ACADEMY OE SCIENCES. 


FOUNDED IN 1817. 


ORGANIZATION. 

The New York Academy of Sciences is fourth in age among 
American scientific societies, having been organized in 1817 as 
the Lyceum of Natural History. It embraces all branches of 
science and its scope is the same as that. of the older Euro- 
pean societies. Its publications are of world-wide reputation 
and contain the first announcement of many discoveries, which 
have proved to be of great importance in their practical and 
theoretical relations. 

The former Presidents have been: Dr. Samuel L. Mitchell, 
1817-1523. Professor John Torrey, 1824-1826; 1836. Major 
Joseph Delafield, 1827-1837; 1839-1865. Professor Charles 
A. Joy, 1866-1867. Professor John S. Newberry, 1868-1892. 
Professor O. P. Hubbard, 1892-1893. Dr. H. Carrington Bol- 
ton, 1893-1894. Professor John K. Rees, 1894-1896. Profes- 
sor J. J. Stevenson, 1896-1898. 

MEMBERSHIP. 

Honorary members are limited to fifty in number, and are 
elected from the representative scientific men of the world. 
Corresponding members are also chosen from distinguished men 
in different parts of the world engaged inthe prosecution of vari- 
ous branches of research, the results of which they are invited 
to communicate to the Academy from time to time. This list 
now includes over 250 names. 

Fellows are limited to 100 and are chosen from among the 
Resident Members in recognition of scientific attainments or 
services; they form the Council and the main working body, 
and conduct the business of the Academy. 

Resident Membership is not restricted to specialists, but is 
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open to those who take a general interest in science and desire to 
promote the work of the Academy by their subscriptions. 

The Initiation Fee is $5, and the annual dues are $10. Pay- 
ment of these confers upon Members full privileges and the right 
to all publications. By payment of $100 a Member may become 
a Life Member, commuting his annual dues. Donors of $250 
become Patrons, and have all the privileges of Life or Resident 
Members. 

Members are elected as follows: The candidates are proposed 
publicly, in writing, at any meeting, by a Fellow or Member ; 
and the nominations, together with the name of the person mak- 
ing them, are referred to the Council; if approved, the candi- 
dates may be elected by ballot at any succeeding business meeting. 


PUBLICATIONS. 

The publications of the Academy at present consist of two 
series— Zhe Annals (octavo) and The Memoirs (quarto). All 
are distributed to Members and Fellows, and are circulated in 
exchange for the publications of nearly all the foreign and Amer- 
ican Academies and learned Societies. The Annals, which 
opened in 1824, contain the longer contributions and reports of 
researches, together with the reports of meetings. The Zrazs- 
actions, in which the shorter papers and business reports have 
hitherto appeared, are now abolished and the matter appears in 
the Annals. The complete volumes of Annals will hereafter 
coincide with the calendar year, and beginning with the volume 
now in press will appear with a new typography and arrange- 
ment of pages. 

Under the present system of printing, an author can secure 
immediate publication and distribution of a discovery in which 
it is important to establish priority. ‘The present edition of the 
Annals is 1,000. The Memoirs, issued in quarto form, are 
adapted to papers requiring large plates or tabulations. But 
one number has thus far been issued. 


LIBRARY. 
The Library numbers over 18,000 titles, and is especially 
rich in sets of the publications of American and Foreign Societies. 
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In this respect it is one of the most complete in this country. It 
is now shelved in a special room of the Schermerhorn building 
at Columbia University, and is accessible to Members from 8 a.m. 
to 5 P.M. 


MEETINGS. 

The Academy at present meets at 64 Madison Ave. in Mott 
Memorial Hall. Meetings are held every Monday at 8 pP.M., 
from October to May, inclusive. The Academy meets in sections 
on successive Mondays in the following order: Astronomy and 
Physics; Biology (Zodlogy, Physiology, Botany) ; Geology and 
Mineralogy; Anthropology, Psychology and Philology. Other 
sections may be formed by a vote of the Council. Each of the 
sectional evenings is devoted mainly to scientific papers and dis- 
cussions. All the meetings are open to the public and are an- 
nounced, with the subjects of the papers to be read, in the bul- 
letins of the Scientific Alliance of New York. 


SCOPE OF WORK. 

Owing to the increased scientific activity in this city, expan- 
sion of the Academy’s work is called for along three lines, pub- 
lications, lecture courses and grants for research. The Academy 
is endeavoring to increase its efficiency in the near future by se- 
curing a larger publication fund so that it will no longer be neces- 
sary to decline important scientific papers offered for publication, 
especially when accompanied by illustrations. A certain sum of 
money should also be available annually for lecture courses— 
such as the well known lectures of the Royal Institution in Lon- 
don; and for grants for original research. Our scientific men 
give their results freely to the world with no thought of financial 
return in most cases, and should be aided in their work by Sci- 
entific Academies. 

Persons desiring to join the Academy or support its scientific 
work by subscription in either of the lines suggested above should 
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TuE SECRETARY, 


New York Academy of Sctences, 
TracuEers CoLLeGE, New York CIrTy. 


OFFICERS OF THE ACADEMY, 1898-9. 


President, 
HENRY F. OSBORN. 
First Vice-President, Second Vice-President 
N. L. BRITTON. J. F. KEMP. 

Corresponding Secretary, WM. STRATFORD 
Recording Secretary, RICHARD E. DODGE. 

Treasurer, C. F. COX. 

Librarian, ARTHUR HOLLICK. ' 


COUNCILLORS. 
CHARLES L. BRISTOL, WILLIAM HALLOCK, 
CHARLES A. DOREMUS, HAROLD JACOBY, 
BASHFORD DEAN, LAWRENCE A. McLOUTH. 


MEMBERS OF COUNCIL, £x-offcio. 
Ex-Presidents O. P. HUBBARD, J. K. REES and J. J. STEVENSON. 
CURATORS. 

HARRISON G. DYAR, GEORGE F. KUNZ, 
ALEXIS A. JULIEN, LOUIS H. LAUDY, 
WILLIAM D. SCHOONMAKER. 

FINANCE COMMITTEE. 


HENRY DUDLEY, JOHN H. HINTON, 
CORNELIUS VAN BRUNT. 


OFFICERS OF THE SECTIONS. 
SECTION OF ASTRONOMY AND PHYSICS. 
P. H. DUDLEY, Chairman. R. GORDON, Secretary. 
SECTION OF BIOLOGY. 
E. B. WILSON, Chazrman. G. N. CALKINS, Secretary. 
SECTION OF GEOLOGY AND MINERALOGY. 
J. F. KEMP, Chairman. H. RIES, Secretary. 
SECTION OF ANTHROPOLOGY, PSYCHOLOGY AND PHILOLOGY. 
L. A. McLOUTH, Chairman. A. V. W. JACKSON, 


Secretary for Philology. 
CHAS. B. BLISS, Secretary for Anthropology and Psychology. 
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ANATOMY. 


In CuarGeE or Geo. S. HunTINGTON AND Jos. A. BLAKE. 


i. RapioGRAPHS AND DraAGRAMS SHOWING THE TOPOGRAPH- 
ICAL RELATIONS OF THE TRACHEA AND BRONCHI TO 
THE TuHorAcic Watts. Exhibited by Dr. Jos. A. Blake, 
Department of Anatomy, Columbia University. 

2. THE STRUCTURE OF THE FourTH VENTRICLE AND OF THE 
LATERAL RecesseEs. Exhibited by Dr. Jos. A. Blake. 

3. RECENT STUDIES IN THE VISCERAL ANATOMY AND THE 
VASCULAR SYSTEM OF ReEpTiLiA. Exhibited by the 
Department of Anatomy, Columbia University. 

4. THE CEREBRAL GyYRES AND FissuRES OF TWo NATIVES OF 
BritisH New Guinea. Exhibited by the Department 
of Anatomy, Columbia University. 


B 
ASTRONOMY. 


In Cuarce or J. K. Rees, Harotp JAcosy AND HERMAN S. 
Davis. 

1. PHotoGraPuHic ILLUSTRATIONS OF RECENT Work.  Ex- 
hibited by Harvard College Observatory through E. C. 
Pickering, Director. 

a. Vicinity of Eta Carine, photographed with the Bruce 
telescope. 
4. Large Magellanic Cloud. 
c. Arequipa Station, showing new Bruce Building. 
d. Bruce Building. 
e. Spectroscopic Binary, y! Scorpii. 
f- Spectroscopic Binary, A. G. C. 10534. 
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. Spectrum of & Puppis. 
h. 
. Spectrum of Meteor, enlarged 9 times. 

. Variations in Light of U Pegasi. 

. Proper Motion of Z. C. 5h. 243 and occultation of 26 


Spectrum of Meteor as photographed. 


Aryietis. 


. Dumbbell Nebula. 


Spiral and Ring Nebule. 
Nebula in Andromeda. 


2. PHOTOGRAPHS OF APPARATUS AND OF STELLAR SPECTRA, 


InLustraATING A New Meruop. Exhibited by Prof. 
Charles Lane Poor, of Johns Hopkins Observatory. 


. Concave grating spectroscope; ordinary form attached 


to eye end of telescope. 


é. Concave grating spectroscope; direct form. 


is} 


Same as 4, mounted on telescope. 


. Series of spectra of Sirius, including Glass positive, or- 


dinary size; photograph enlarged three times without 
widening; photograph, enlarged and widened; Glass 
positive, enlarged and widened; Series of Spectra of 
other stars. 


3. CHARTS AND SkEeTcHES. Exhibited by United States Coast 


and Geodetic Survey, H. S. Pritchett, Superintendent, 
Washington, D. C. 


. Isogonic and Isoclinic Charts for r900 A. D. 


Base map showing astronomical positions and gravity 
stations to date. 

Sketch showing the Triangulation of the Great Transcon- 
tinental arc from Cape May, New Jersey, to Point Arena, 
California. 


4. GuLass Positives. Exhibited by the Yerkes Observatory of 


the University of Chicago, George E. Hale, Director. 


. Photographs of the Building and Instruments of the 


Yerkes Observatory. Thirty positives on glass. 
Stellar spectra photographed with the 40-inch telescope 
and stellar spectographs by Hale. 
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1. Part of spectrum of a Orionis (three prisms). 

. Part of spectrum of o Citi (Mira)—(three prisms). 

3. Comparison of the spectra of 78 Schjellerup ( Vogel’s 
type 3b) and p Persei (Vogel’s type 3a). 


i) 


5. BromiIpE ENLARGEMENTS OF PHOTOGRAPHS OF RECENTLY 
ConstructEepD Instruments. Exhibited by Warner & 
Swazey, Cleveland, Ohio. 

a. 6-inch Meridian Circle made for U. S. Naval Observa- 
tory, Washington, D. C. 
. 5-inch Alt-Azimuth made for U. S. Naval Observatory, 
Washington, D. C. 

ce. 3-inch Combined Transit and Zenith Telescope. 

d. 4-inch Zenith Telescope. 

e. 3-inch Prism Transit. 

f. Standard 10-inch Equatorial Telescope. 


oO 


6. PUBLICATIONS OF VARIOUS OBSERVATORIES, Showing repro- 
ductions of photographs of the Moon. . Exhibited by 
_ Columbia University. 
a. Plates from Photographs, by M.M. Loewy and M. P. 
Puiseux, Paris Observatory. 
4. Plates by Dr. Weinek, of Prague. 
c. Plates from the Lick Observatory photographs. 

7. Mirrors AND REEL UsEp IN THE DETERMINATION OF 
THE [CONSTANT OF ABBERRATION BY THE -LOEWY 
Metuop. Exhibited by Professor George C. Comstock, 
Washburn Observatory, Madison, Wis. 


C 
BONY a 


In CHARGE oF Gero. V. NASH. 


1. ALBRECHT’s KLINOSTAT TO ILLUSTRATE THE EXCLUSION OF 
HELIOTROPIC AND GEOTROPIC CURVATURE. Exhibited 
. by Dr. C. C. Curtis. 


} Ge) 


II. 


12. 


£3, 


14. 


15. 
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. Metuop or MEAsuriInG Root GrowTH AND NUTATION. 


Exhibited by Dr. C. C. Curtis. 


. Stipes ILLUSTRATING THE LiFE History OF SOME FRESH 


Water Atc&. Exhibited by Mr. T. E. Hazen. 


. MusEuM PREPARATIONS OF SEEDS AND SEEDLINGS OF PHE- 


NIX DACTYLIFERA. Exhibited by Prof. Francis E. Lloyd. 


. ABNORMAL CoNE FROM DouGLas SPRUCE, PSEUDOTSUGA 


MUCRONATA. Exhibited by Prof. Francis E. Lloyd. 


. HypERTROPHIED SCALE-LEAVES OF PINUS PONDEROSA. Pro- 


duced by pruning staminate shoots. Exhibited by Prof. 
Francis E. Lloyd. 

AccrEssory Bups IN PISUM SATIVUM, CULTIVATED VARIETY. 
Obtained by amputation of plumule and successive axil- 
lary buds. Exhibited by Prof. Francis E. Lloyd. 

STUDIES IN THE EMBRYOLOGY OF SPARGANIUM. Exhibited 
by Mr. F. C. Paulmier. 

SET oF SLIDES SHOWING THAT THE FORMATION OF CELLU- 
LOSE DEPENDS UPON THE INFLUENCE OF A NUCLEUS. 
Exhibited by Dr. C. O. Townsend. 

. STUDIES IN THE DEVELOPMENT OF THE OvULE oF LaARIXx 
LARICINA. Exhibited by Miss Ada Watterson. 

DEVELOPMENT oF THE EmBryo SAc IN SAGITTARIA. 
Exhibited by Miss Louise B. Dunn. 


NEw JAPANESE AND AMERICAN CHARACE#. With illus- 
trations and descriptions. Exhibited by Dr. T. F. Allen. 

NEw SPECIES FROM THE VICINITY OF New York City. 
Illustrated by Specimens. Exhibited by Mr. Eugene P. 
Bicknell. 

Two New SanicuLas FROM THE SOUTHERN STATES. 
Represented by specimens. Exhibited by Mr. Eugene 
P. Bicknell. 

Mosses oF NortTHERN BotiviA AND SouTHERN PERU. 


Collected by Pierre Jay in July and October, 1893. 
Exhibited by Elizabeth G. Britton. 
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16. 


17. 


18. 
19. 
20. 
21. 
me. 
23. 
24. 


25: 


26. 


27, 


28. 
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SomE New Species or Aster. Exhibited by Prof. Edward 
S. Burgess. 

SPECIMENS AND Ficures InLusTrRATING THE HEPATIC 
Frora or Carirornia. Exhibited by Mr. Marshall A. 
Howe. 

NEw SPEcIES IN THE GRAMINE#&. [Illustrated by speci- 
mens. Exhibited by Mr. Geo. V. Nash. 

Two New Grass Genera. Illustrated by specimens. 
Exhibited by Mr. Geo. V. Nash. 

NEw GENERA AND SPECIES OF PLANTS FROM SOUTH 
America. Exhibited by Dr. H. H. Rusby. 

New Species From Montana. Exhibited by Mr. P. A. 
‘Rydberg. 

NEw SPECIES IN THE SOUTHERN UNITED SrarTEs. _ IIlus- 
trated by specimens. Exhibited by Dr. John K. Small. 

ReEcENT DIscovERIES IN THE GENUS ERIOGONUM.~ Illus- 
trated by specimens. Exhibited by Dr. John K. Small. 

Two New GENERA FROM NortH America. Exhibited by 
Dr. John K. Small. 

SPECIMENS REPRESENTING RECENT RESEARCH IN THE 
ASCLEPIADACE&. Exhibited by Miss Anna Murray 
Vail. 

NeEw Species FROM New Mexico. Exhibited by Mr. E. 
O. Wooton. 

A Fossit Moss FROM THE TERTIARY, PROBABLY MIOCENE, 
OF THE STATE OF WASHINGTON. Collected near Cle 
Elum, Kittetass Co., by Mr. I. C. Russell, July 7th, 
1897. Exhibited by Dr. F. H. Knowlton, Elizabeth G. 
Britton and Dr. Arthur Hollick. 

Some Srupres oN THE BacTERIOLOGY oF THE NEW 
York City WATER SuppLy. Exhibited by Smith Ely 
Jelliffe. M.D., F. G. Kneer, M.D., and O. Hensel, 
BieG. 


Notrrt.—The more important botanical publications of members dur- 
ing the year are exhibited on a table and are open to examination. 
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D 
CHEMISTRY. 


In CHARGE OF CHARLES A. DOREMUS. 

1. Liquiy Ark wiTH ExPERIMENTAL ILLUSTRATIONS OF ITS 
Propertizs. Exhibited by Mr. Charles E. Tripler. 

2. Boms CaLorimeter. Exhibited by Dr. H. W. Wiley, Chief 
of Division of Chemistry, United States Department of 
Agriculture. 

3. ImproveD SpeciFic GRAviITY BoTTLES OR PyKNOMETERS. 

Exhibited by Dr. E. R. Squibb. 

. Improvep Zero Buretre. Exhibited by Dr. E. R. Squibb. 

. ViscosiMETER. Exhibited by Mr. P. H. Conradson. 

6. Procress In MANUFACTURE OF Artistic GLass. Exhibited 
by Mr. Louis C. Tiffany. 

7. SPECIMENS OF TRITHIOFORMAL DEHYDE, TRITHIOALDEHYDE 
AND ANHYDROFORMALDEHYDE-ANILIN ; SopiuM, Oxy- 
METHYLSULFONATE, TRIOXYMETHYLENE AND SALI- 
FORMIN. Exhibited by Dr. L. H. Reuter. 

8. SPECIMENS OF SALICYLID, SALICYLIDCHLOROFORM AND 
PoLysALicyLip. Exhibited by Dr. L. H. Reuter. 

g. TABLES TO SHOW THE APPLICATION OF THE PERIODIC Sys- 
TEM TO THE STuDY OF ANALYTICAL MeETuHops. Ex- 
hibited by Professor Robert W. Hall. 

10. Mopets INDICATING THE RELATION BETWEEN VOLUME, 
PRESSURE AND TEMPERATURE OF GaseEs. Exhibited 
by Professor Morris Loeb. 


Il. PuRE PREPARATIONS OF TELLURIUM AND SOME OF ITS 


nn 


Compounps. Exhibited by Professor Morris Loeb and _ 


Mr. J. H. Shipley. 


12. ARTIFICIAL CRYSTALS OF CHEMICAL ComMpouNDs, ILLUs- 


TRATING ISOMORPHISM AND ENANTIOMORPHISM. Ex- 


hibited by the Chemical Museum of New York Univer- 
sity. 
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13. EXHIBITS FROM THE LABORATORY OF CoLuUMBIA UNIVER- 


sity by Professor C. E. Pellew and Dr. S. A. Tucker. 


. Calico Printing. The production of insoluble azo col- 


ors in the cotton fibre. 

Viscose. Exhibition of Process and Samples of the 
new form of Soluble and Amorphous Cellulose known 
as Viscose. 


c. Electrochemistry. The Persulphates and Percarbonates 


of Alkaline Metals, Prepared by Electrolysis of the 
Normal Salts. 


cae EXHIBITS FROM THE LABORATORY OF THE COLLEGE OF 


a. 


THE City or NEw York. 

Three different types of ray filters to contain either 
liquids or gases and suitable for photographic or purely 
chemical work. Exhibited by Dr. L. H. Friedburg. 


. Red sublimate of Nitro-diphenylamin and Yellow crys- 


tals of quinone-oxim. Exhibited by Dr. L. H. Fried- 
burg. 
ES 
BLEGTRICIIY. 


In CHARGE oF Geo. F. SEVER. 


1. Exuispir of NEw Apparatus by Queen & Co. through Mr. 


BAP AOS 


Opi Wourss 


. Horizontal Magnet D’Arsonval Galvanometer. 
. Anew Automatic Self-Focusing Arc Lamp. 


Acme Testing Set. 


. Acomplete 12" X-Ray Outfit with Self-Regulating Tube. 


A new Lantern Galvanometer. 
A new Portable Photometer. 


. A new Portable Cable Testing Galvanometer. 
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AMERICAN APPARATUS FOR THE TRANSMISSION OF SIGNALS. 
AT A DISTANCE WITHOUT WirRES. MARCONI SysSTEM.. 
Exhibited by Mr. W. J. Clarke. 


. Exuipir oF NEW EvectricaL Apparatus by Prof. M. I.. 


Pupin. 

. Optical Telephone. 

. Induction Coil with 30" spark. 
Electrical Oscillators for Selective Signalling. 

. Bridge for measuring phase retardation between current 
and electro-motive force. 


ES 


MetHuop oF SupPpoRTING GALVANOMETERS TO AvoIp V1- 
BRATIONS. Exhibited by Electrical Engineering De- 
_ partment, Columbia University. 
Exuisit or RECENT ELectricaL Apparatus by Mr. J.G. 
Biddle. 
a. 1898 Type Willyoung Induction Coil. 
6. Willyoung Direct Reading Potentiometer. 
c. The Rowland Electro Dynamometer. 
d. The Rosa Curve Tracer for Alternating Current Curves. 


Ee 
ETHNOLOGY. AND ARCHAQOLOGY. 


In CHARGE OF FRANZ Boas AND L. FARRAND. 


. EXHIBIT OF THE JESUP NorTH Paciric EXPEDITION. 


a. Facial paintings of Indians of the North Pacific Coast.. 
Collected by F. Boas and L. Farrand. 

6. The Prehistoric Races of southern British Columbia. 
Collected by Harlan I. Smith. 

c. Conventionalism among the Thompson River Indians. 
Collected by James Teit. 


SYMBOLISM OF THE HurcHoL INDIANS oF Mexico. Col- 
lected by Dr. Carl Lumholtz and exhibited by the 
American Museum of Natural History. 
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G 
EXPERIMENTAL PSYCHOLOGY. 


In CHARGE OF CHARLES B. BLIss. 


. An AUTOMATOGRAPH WITH REGISTRATION ATTACHMENTS. 


Exhibited by Mr. W. L. McWhood. 


. An INSTRUMENT FOR StrupDYING THE DISCRIMINATION OF 


Loupness oF Sounps. Exhibited by Prof. J. McKeen 
Cattell: 


._ An INSTRUMENT FOR THE MEASUREMENT OF THE TIME OF 


PERCEPTION AND Movement. Exhibited by Prof. J. 
McKeen Cattell. 


_ VeRNIER CuronoscorE. Exhibited by Prof. Edmund C. 


Sanford. 


_ An Avupiometer. Designed by Dr. J. A. Gilbert and ex- 


hibited by Prof. Charles B. Bliss. 


. An ADJUSTABLE STEREOSCOPE Carp. Exhibited by Prof. 


Charles B. Bliss. 


Fi 
GEOLOGY. 


In CHarGE OF ARTHUR HOLLICK. 


_ Suite or EuropEAN CLays AND KAOLINS AND OBJECTS 


SHow1nG CLAY WHEN BURNED. Collected and ex- 
hibited by Dr. Heinrich Ries. 


. BauxITES: FROM DEPARTMENT OF HERAULT IN SOUTHERN 


France. Obtained and exhibited by Dr. Heinrich Ries. 


. CoppER ORES AND ACCOMPANYING Rocks, From OTTo 


Suart, E1IsLEBEN, NEAR MANSFIELD, GerMANy. Col- 
lected and exhibited by Dr. Heinrich Ries. 


_ SPECIMENS FROM THE SALT MINES, STAASFURT, GERMANY. 


Collected and exhibited by Dr. Heinrich Ries. 
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5. FuLiLer’s EARTH FROM ENGLAND. Collected and exhibited 
by Dr. Heinrich Ries. 


6. BAuXITE FROM StyriA, Austria... Exhibited by Dr. Hein- 
rich Ries. 


7. SPECIMENS SHOWING TRANSITION FROM QUARTZ-PORPHYRY 
To KaoLIN FROM D6LAN, NEAR HALLE, GERMANY. 
Collected and exhibited by Dr. Heinrich Ries. 


8. FuLcuriTE. Summit of Little Ararat, Russian Armenia. 
Collected by Dr. E. O. Hovey, Sept. 30, 1897. Ex- 
hibited by Dep’t of Geology, of American Museum of 
Natural History. 


9g. GRANITES AND GNEISSES FROM FINLAND. Exhibited by 
Professor J. J. Stevenson. 


10.,ORES AND Rocks FROM PELICAN AND Dives MINEs, 
GrorGETOWN, Coto. Exhibited by Professor J. J. 
Stevenson. 


11. PHOTOGRAPHS AND SPECIMENS ILLUSTRATING RECENT 
EXPERIMENTS IN PRODUCING COMPRESSIONS AND FLow- 
AGE OF MARBLE WitHouT RupTuRE OR DESTRUCTION 
or CouEsion. Exhibited by Dr. F. D. Adams, Mc. 
Gill University, Montreal. 


12. Suire oF Rock SpEcIMENS ILLUSTRATING THE RECENT 
PETROLOGICAL WorK oF ProFeEssor W. C. BrOGGER, 
IN THE VICINITY OF KrisTIANIA, Norway. Exhibited 
by Henry S. Washington, Locust, N. he 

13. SurrE oF Rock Specimens ILtusTratinGc RECENT PETRO- 
LOGICAL Work OF THE Exnisitor Upon THE Levu- 
cITIC AND TRacHyTic Rocks oF THE ITALIAN PENIN- 
suLA. Exhibited by Henry S. Washington, Locust, 
Seas 

14. Exuipition or MopELs AND SpEciMENs by Professor J tla 
Kemp, Columbia University. 

a. Model of the Franklin Furnace Zinc Ore-body, made 
by F. L. Nason for the Lehigh Zinc Co. 
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8. Suite of gold-bearing conglomerates from the so-called 
‘“¢banket” reefs, near Johannesburg, South African 
Republic. Collected by Mr. J. T. Curtis. 

c. Specimen illustrating the cross-section of a tin-bearing 
pegmatite vein, Saxony. 

d. Specimen illustrating the cross-section of the Half-moon 
vein, Pioche, Nevada, collected by Mr. George W. 
Maynard. 

e. Model illustrating the Black Rock silver vein, Butte, 
Mont., secured through the courtesy of Mr. W. D. 
Thornton. 


GroLocicaL Mover or Nantucket Is_tanp. Exhibited 
by the designer and maker, George C. Curtis. 


Mopet or New York Istanp. Colored as to Geology 
and exhibited by Dr. F. J..H. Merrill, of the New 
York State Museum. 


SERIES OF GEOLOGICAL Mars SHowinc Recent Pus- 
LISHED RESULTS IN THE UNITED STATES GEOLOGICAL 
SURVEY, AND EXHIBITED BY THE SAME. 

a. Pyramid Peak and Truckee, areal sheets. 

&. Franklin, Va., areal, economic and structure sheets. 

c. Wartburg and Briceville, Tenn., areal and economic. 

d. Peublo, Col., 8 sheets. 

e. Butte Special, Mont., topographic and economic. 


SET OF SPECIMENS. Exhibited by Professor R. E. Dodge, 
of Teachers College. : 

a. Fault breccia from the Quarry Bed, Meriden, Conn. 

6. Cinders from the Ash Bed, Lamentation Mountain, 

Meriden, Conn. 

c. Strain slip cleavage from Wallingford, Vt. 

A SERIES OF ANDESITES, BASALTS, TUFFS, ETC., FROM THE 
Anti-Caucasus MountTAINsS AND Russian ARMENIA, 
collected in September—October, 1897, by E. O. Hovey, 
and exhibited by the Geological Department, American 
Museum of Natural History. 
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I 
MINERALOGY. 


In CHARGE OF EpmunpD O. Hovey. 


1. PeTrRoGRAPHIC INSTRUMENTS. Exhibited by the inventor, 


Dr. T. A. Jaggar, Jr., Harvard University. 


. Microsclerometer, for determining exactly the hardness 


of minerals under the microscope. 
Instrument for inclining a preparation in the petro- 
graphic microscope. 


2. MopELs AND APPARATUS recently acquired by the Mineral- 


Ss 


& 


f 


ogical Department, Columbia University, and exhibited 
by Prof. A. J. Moses. 


. Student Goniometer designed by Prof. P. Groth. 
. Model of Spherical Projection, Isometric Crystal. 


Model of Spherical Projection, Triclinic Crystal. 


. Model of Positive Uniaxial Ray Surface. 


. Model of Negative Uniaxial Ray Surface. 
Model of Biaxial Ray Surface. 


3. Exurpit oF Pror. J. F. Kemp, CotumpBia UNIVERSITY. 


a. 


b. 


Chalcanthite, Mt. Wilson, San Miguel County, Colo. 
Collected by M. B. Spaulding. | 

Calaverite (?), inclosing Native Gold, Kalgoorlie, Wes- 
tralia. Collected by G. J. Bancroft. 
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4. Exnisit oF THE DEPARTMENT OF MINERALOGY, AMERICAN” 


a. Endlichite, Hillsboro, New Mexico. 

6. Pollucite, Paris, Maine. 

c. Hamlinite, Paris, Maine. 

d. 

e. Beryl, containing cesium, Haddam Neck, Conn. 
Jf. Microcline, Haddam Neck, Conn. 


Museum Natura. History, through L. P. Gratacap. 


Montmorillonite, Paris, Maine. 
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. Exursit oF Pror. S. L. PENFIELD, YALE UNIVERSITY. 


. Wellsite, Buck Creek, Clay County, N. C. 


4. Bixbyite, on Topaz, Near Simpson, Utah. 
c. Clinohedrite, Franklin, N. J. 


cA 


. Illustrations of some methods for mounting crystals. 


Exuisit of LazArp CAHN, NEW YorK. 


a 


b 


. Herderite, Auburn, Maine. 


. Hamlinite, Oxford County, Maine. 


c. Pollucite, Oxford County, Maine. 
d. Montmorillonite, Oxford County, Maine. 


a 


b 


. Exuipit oF ERNEST SCHERNIKOW, BROOKLYN. 


. Tourmaline Crystals and cross sections, Haddam Neck, 
Conn. 
. Beryl, Haddam Neck, Conn. 


c. Microcline, with muscovite and lepidolite, Haddam 


Neck, Conn. 


_ Exusir or Dr. A. E. Foote, Warren M. Foote, Man- 


AGER, PHILADELPHIA. 
. Crocoite, Western Tasmania. 
. Massicot, Western Tasmania. 
. Cerussite, Western Tasmania. 
. Gmelinite, Flinders, Victoria, N. S. W. 
. Mesolite, Flinders, Victoria, N. 5. W. 


a 
b 
c 
d 
e 
f. Vivianite, Falls of Wannon River, Victoria. 
g. Ferrocalcite, Near Melbourne, Victoria. 

h. Phillipsite, Near Melbourne, Victoria. 

z. Phacolite, Near Melbourne, Victoria. 


, Newberyite, Skipton Caves, near Ballarat, Victoria. 


. Stephanite, Lake Chelan District, Montana. 
. Endlichite, Hillsboro, New Mexico. 


m. Marcasite, Near Sparta, Il. 


. Roeblingite, Franklin Furnace, N. ais 


., Meteoric Iron (section), Sacramento Mountains, Eddy 


‘County, N. M. 


Exuipir or Grorce F. Kunz, NEw YORK. 


a 


. Celestite, Put-in-Bay, Ohio. 
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6. Meteoric Iron, York County, Nebraska. 
. Sapphire Crystals, Yogo Gulch, Fergus County, Montana. 


S 


«= 


d. Rutilated Quartz, sphere 5% inches in diameter, New — 


Zealand. The property of the Tiffany Co. 
e. Quartz (Rock Crystal), Mac Elumne Hill, Calaveras 
County, Calif. 
f. Tourmaline, Smoky Quartz and Graphic Granite, Mt. 
Mica, Paris, Me. 
10. Exuipit oF A. CHESTER BEaTTy, NEw York. 
Calaverite, Cripple Creek, Colo. 


A 
pPALAAONLOLOGY. 


In CHARGE OF GILBERT VAN INGEN. 

1. CAUDAL VERTEBR AND Limp BoNEs OF THE GIGANTIC 
Dinosaur CAmaRASAURUS, CopE, BRONTOSAURUS, 
Marsu. Exhibited by Professor Henry F. Osborn, 
Department of Vertebrate Paleontology, American Mu- 
seum of Natural History. 

2. CaupDAL VERTEBRZ AND Limp BoNnES OF DipLopocus, 
Marsu. Exhibited by Prof. Henry F. Osborn, of the 
Department of Vertebrate Paleontology, American 
Museum of Natural History. 

3. SERIES oF FEET anp SkuLts, ILLUsTRATING THE Evo- 
LUTION OF THE CAMELS AND Liamas 1n NortH 
America. Exhibited by Dr. J. L. Wortman, Depart-- 
ment of Vertebrate Paleontology, American Museum of 
Natural History. 

4. SKELETONS OF THE Eartiest AMERICAN UNGULATES— 
PANTOLAMBDA AND Euprotroconia. Exhibited by Dr. 
W. D. Matthew, Department of Vertebrate Palzontology, 
American Museum of Natural History. 

5. Restorations or Extinct ReEpTites AND MAMMALS. 
Seven large water colors exhibited by Chas. Knight, 


Department of Vertebrate Paleontology, American 
Museum of Natural History. 
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6. Moprrs or Extincr VERTEBRATES by Chas. Knight, 
cast by Jacob Gommel. Exhibited by the Department 
of Vertebrate Paleontology, American Museum of Natu- 
ral History. 

7. SERIES OF Exuipits by Dr. Chas. R. Eastman, of Harvard 
University. 

a. Fin of new species of Cladodont Shark, from the Hamil- 
ton group, near Buffalo, N. Y. 

6. Photograph of Egg of Ostrich, Struthzolithus cherson- 
ensts, Brandt., from superficial (Pleistocene) deposits, 
northern China. 

c. Photograph showing variation in Dental Plates of the 
Chimeroid, Ptyctodes calcolus N. & W., from the 
Devonian of Iowa. 

d. Photograph of the remarkable Psammodont-Cochlio- 
dont-Lung-fish, Syzthetodus. From the Upper De- 
vonian (State Quarry) Fish-bed, Johnson Co., Iowa. 

§. Exnipir ry Patawopnotany by Mr. Arthur Hollick, of De- 
partment of Geology, of Columbia University. 

a. Fossil Plants from the Middle Cretaceous clays of Block 
Island, R. I. 

6. Samples of the Plant Bearing Basal clays, Middle Cre- 
taceous, and the Superficial Bowlder-clays, Glacial, of 
Block Island, R. I. 

c. A new fossil Palm from the Yellow Gravel (Miocene ?) 
of Bridgeton, N. J. 

g. New Fossin FuncI, PRESERVED IN SILIcIFIED WooD AND 
EXHIBITED UNDER THE Microscope, by Dr. A. A. Ju- 
lien, Department of Geology, Columbia University. 

a. In wood of the Petrified Forest, at Chalcedony Park, 
Arizona. 

1. Silicified fungus-spore, in act of sprouting. 

2. Silicified bacteria. A chain of bacilli crossing lim- 
pid quartz. 

3. Silicified mycelium, branching along the walls of 
the wood-cells, and secreting iron-oxide. 
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3.” In wood of the Petrified Forest, near Cairo, Egypt. 
renee Young sporanges on walls of the wood-cells. 
2. Mature sporanges, enclosing spores. * 
3. Chain of sporanges. 


I 
PHILOLOGY:. 


In CHARGE OF LAWRENCE A. McLoutu anp A. V. WILLIAMS 
JACKSON. 


The exhibits in each language will represent all or part of 
the following heads: 


1. MANUSCRIPTS. 

2. FACcSIMILES OF MANUSCRIPTS. 

EpiTions—OLpb, RARE, oR NEw. 

LEXICAL AND GRAMMATICAL WORKS. 

ILLUSTRATIVE MATERIAL: PHOTOGRAPHS, ENGRAV- 
INGS, AUTCGRAPH LETTERS, ARCHZZOLOGICAL RE- 
MAINS. 


mew 


6. JOURNALS AND PERIODICALS. 
A. PHILOLOGY IN GENERAL. 


1. SoME OF THE MorE RECENT WorKsS ON THE SUBJECT. 

2. Cerrain RESULTS IN THE FIELD oF DiALEcT StTupy IN 
America. Exhibited by Mr. E. H. Babbitt, Colum- 
bia University (Secretary of American Dialect Society). 


B. SpectaL LANGUAGES AND LITERATURES. 
1. INDo-GERMANIC. 


a..Indo-Iranian. With the codperation of Prof. A. V. 
Williams Jackson and Mr. A. Yohannan, Columbia 
University. 

6. Armenian. With the codperation of Mr.. A. Yohan- 
nan, Columbia University. 
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c. Greek. With the codperation of Professors E. D. 
Perry and J. R. Wheeler, Columbia University, and 
Prof. H. M. Baird, New York University. 

d. Latin. With the codperation of Professors E. G. Sih- 
ler, New York University, and E. C. Egbert, Columbia 
University. 

e. Romance. With the codperation of Professors H. A. 
Todd and A. Cohn, Columbia University, and Prof. 
W. K. Gillett, New York University. 


f. Germanic. With the codperation of Professors W. H. 


Carpenter and Calvin Thomas, Columbia University, 
Prof. L. A. McLouth, New York University, Prof. T. R. 
Price, Columbia University. 
2. SEMITIC. 
a. Hebrew. With the codperation of Prof. J. D. Prince 
%. Aramaic. and Mr. Geo. Osborne, New York Univer- 
c. Arabic. sity, and Prof. R. J. H. Gottheil, Columbia 
University. 
3. OTHER LANGUAGES. 
a. American Indian. Dr. F. Boas, Columbia University. 
1. An Indian Newspaper. Printed in Shorthand. 
Edited by Rev. J. M. Le Jeune, Kamloops, 
British Columbia. Exhibited by Dr. Franz Boas. 
2. Indian Manuscript. Written by a half-blood In- 
dian of Fort Rupert, B. C. 
%. Chinese. With the codperation of Prof. J. D. Prince, 
New York University. 


L 
PHOTOGRAPHY. 


In CHARGE OF CorRNELIUS VAN BRUNT. 


1. Exuipit By Mr. G. GENNERT. 
a. New developer, ‘‘ Ortol.” 


DO 


. Zeiss telephoto lense, capable of doing instantaneous 


work. 

New Cycle and Hand Camera. 

New Platini paper—producing Platinotype effects. 
Series of framed prints, showing the work of Platini- 
paper. 


2. Exurpits or E. & H. T. Anruony & Co. 


a. 
b. 


C. 


d. 


. 


Farrand Vignetter. 

New Dalmeyer Stigmatic lense, F. 6th Series, No. II. 
Frame of Photographs, illustrating New Dalmeyer Stig- 
matic lense combinations. 

Frame of Photographs, illustrating American Aristo- 
type paper—with new toner. 


3. Exuipit or Bauscny & Loms Optica Co. 
a. 


b. 


Cc. 


d. 


Iconoscopes—Three sizes. 

Ray Filters—Styles A and B. 

Zeiss convertable, Series VII. A, No. §.—Lense with 
diaphragm shutter and telephoto attachment. 

Zeiss convertable, lense C, set with diaphragm shutter. 
All manufactured by the above company. 


Photographs, showing effects with and without ‘‘ Ray 
filter.” ; 


4. THE Joty-Sampra Co., Montclair, New Jersey. 
a. Demonstration of new color process by electric light. 
6. Lantern slides and screens. 


M 
PHYSICS: 


In CHARGE oF Wm. HALLock. 


1. SET oF PHOTOGRAPHS SHOWING WIDENING OF SPECTRUM 


2. PHoTOGRAPHS OF PRojEcTION LANTERN. Exhibited by 


LinEs witH INCREASE OF PREssuRE. Exhibited by 
Prof. J. S. Ames, Johns Hopkins University. 


Prof. Le Conte Stevens, Trov, N. Y. 


; 
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. BrREAK-ciRcUIT ATTACHMENT FOR PENDULUM. Exhibited 


by Prof. W. Hallock, Columbia University. 


PENDULUM, ADJUSTABLE PEeriop. Exhibited by Prof. W. 
Hallock, Columbia University. 


. Torsion PENDULUM oF ADJUSTABLE PERiop. Exhibited 


by Prof. W. Hallock, Columbia University. 


IMPROVED APPARATUS FOR DETERMINING BATTERY RE- 
SISTANCE; Mance’s method. Exhibited by W. S. Day, 
Columbia University. 


. PHotocrapHED MicroMETER Ocutar. Exhibited by Wal- 


lace Goold Levison. 


. APPARATUS FOR SHOWING PHOSPHORESCENCE. Exhibited 


by Wallace Goold Levison. 


. STREMMATOGRAPH AND ReEcorps. Exhibited by P. H. 


Dudley. 

SmpLE PHOTOSPECTROGRAPH WITH NEGATIVES. Ex- 
hibited by F. L. Tufts, Columbia University. 

Bauscu & Loms Microscope STAND WITH SPECIAL ARM 
FOR MicroMETRIC MEASUREMENTS. Exhibited by P. 
H. Dudley. 

New Form or THERMOMETER FOR SUBTERRANEAN TEM- 
PERATURE Work. Exhibited by Prof. W. Hallock, 
Columbia University. 

SERIES OF LANTERN SLIDES ILLUSTRATING A New METHOD 
OF COLORING BY WHICH UNIFORMITY OF TINT AND 
DEFINITION OF OUTLINE IS OBTAINED. Exhibited by 
C. C. Trowbridge, Columbia University. 

Ser or ScaLes ProvipepD with DirFrERENT TyPEs OF 
VERNIER, used in the Physical Laboratory, Columbia 
University. Exhibited by C. C. Trowbridge and H. 8S. 
Curtis, Columbia University. 

Scuénr’s APPARATUS FOR MECHANICAL ANALYSIS, AND 
SpecimMENS TESTED By 1T. Exhibited by Dr. H. Ries, 
Columbia University. 


16. 


17, 


21. 


22. 
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PorcrELAIN MILL FOR GRINDING CLAY AND OTHER SOFT- 
Mrixerats. Exhibited by Dr. H. Ries. 

Su1rE OF SPECIMENS SHOWING SHRINKAGE OF CLAY AT 
DIFFERENT TEMPERATURES. Exhibited by Dr. H. Ries. 


. AUDIMETER FOR THE MEASUREMENT OF THE SENSITIVE- 


NESS OF THE Ear. Exhibited by Prof. Alfred G. Comp- 
ton, Department Applied Mathematics, College of the 
City of New York. 

CaLoRIMETER FoR Liquips. Exhibited by R. L. Litch, 
Princeton University. 


- WaterMAN CALORIMETER. Exhibited by Prof. F. A. 


Waterman, Smith College. 

SpeciaL EvectricaL Apparatus. Exhibited by J. E. 
Moore, Princeton University. 

PHOTOGRAPHS SHOWING THE PENETRABILITY, THE PATH 
AND THE REFRACTION OF RoENTGEN’s Rays, by A. 
Bourgougnon. 


N 
PHYSIOGRAPHY. 


In CHARGE oF ROBERT H. CornisH. 


. A Series oF THREE MopELs or TypicAL LAND Forms, de 


signed and modeled by Prof. W. M. Davis and G. C. 
Curtis, and exhibited by the Harvard Geographical 
Laboratory. 


. A Mopet Suow1nc SEA Coast CHARACTERISTICS. Exhib- 


ited by the designer, G. C. Curtis. 


. MopEL OF THE STATE OF NEw York. Executed under the 


direction of the New York State Museum, and exhibited 
by the same, through Dr. F. J. H. Merrill, Director. 
MopDEL OF THE CATSKILL MounTAINs. Executed under the 
direction of the New York State Museum, and,exhibited 
by the same, through Dr. F. J. H. Merrill, Director. 


. Mover or New York IsLAND, SHOWING TOPOGRAPHY IN 


1776. Exhibited by the New York State Museum, 
through Dr. F. J. H. Merrill, Director. 
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6. Exuipit or Recent Topocrapuic Maps, made and loaned 
by the United States Geological Survey, Washington, 
Dec. 

. Vicinity ot Lake George. 

. Mohawk Valley. 

. Platte Valley, Nebraska. 

. Drumlin Area of Wisconsin. 

e. Progress Map, New York and New England, 


Qa we 


7. NUMBERS 36 AND 37 OF HéizeL’s GEOGRAPHISCHE CHAR 
AKTERBILDER. Loaned by the Teachers College. 

8. Two TRANSPARENCIES FOR TEACHING ASTRONOMICAL 
Grocrapuy. Published by the Century School Supply 
Co., and loaned by the Teachers College. 

9: PANORAMA OF CRATER LAKE, OrEGoN. Photographed and 
exhibited by Prof. F. E. Lloyd, of Teachers College. 


Note.—The more recent books in Physiography and the topographic 
maps of New York State thus far published are exhibited on a table. 


O 
ZOOLOGY. 


In Cuarce or E. B. WILSON. 
1. ILLUSTRATIONS OF THE FauNA OF BERMUDA. From col- 
lection made in June, 1897, by the New York Univer- 
sity Alumni Expedition. Exhibited by Prof. C. L. 
Bristol. 
2. ILLUSTRATIONS OF NEMERTEAN AND ENTEROPNEUSTAN. 
Fauna or Pucrer Soynp. Exhibited by B. B. Griffin. * 

a. Carinella sexlineata n. sp. (fragments). 

b. Carinoma mutabilis n. sp. type and var. argillina with 
piece of clay in which latter lives. 

c. Emplectonema viride Stimpson (a few individuals from 
San Francisco, showing lighter hue of written speci~ 
mens). 

* Owing to Mr. Griffin’s death this exhibit could not be prepared. 
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d. Cerebratulus marginatus Renier and C. sp. 
e. Amphiporus, several species. 
J. Ptychodera sp. 


. PREPARATIONS ILLUSTRATING DEVELOPMENTAL STAGES OF 
THE CRANIUM AND CLASPING ORGANS IN THE CHIM- 
ROID, [1/ydrolagus colltecz. Material from the Puget 
Sound expedition of 1896 of the Zodlogical Department 
of Columbia University. Exhibited by R. W. Shearman. 


. @. DEVELOPMENTAL STAGES OF THE AUSTRALIAN LUNG- 


FISH, Ceratodus forstert, collected near Gayndah, 
Queensland. 


6. Larva or Errs—Conger, Congermurena, Angu- 
ella—from Strait of Messina. Received through Pro- 
fessor Lankester from Professor Grassi. Exhibited by 
Dr. Bashford Dean. 


. Errects oF Licht oF DIFFERENT CoLtors Upon Pro- 


TOPLASM. Exhibited by N. R. Harrington and E. 
Leaming. 


- ExurBirion oF TEACHING PREPARATIONS by B. B. Griffin. 
Development stages of : 

a. Petromyzon; 8. Shark; c. Skate; d. Lepidosteus; e. 
Accipenser; f. Amia; g. Amiurus; %. Necturus; 7. 
Frog;. 7. Lizard. 

. GRAFTING EXPERIMENTS UPON Morus. Compound pupe 

and compound adult moths, illustrated by photographs 

and specimens. Exhibited by H. E. Crampton, ive 


- Stipes ILLusTRATING THE ORIGIN oF NucLeEr in Prorto- 
zoa. Exhibited by G. N. Calkins. re 

a. Monad ( Zetramitus) with distributed nucleus. 

- Monad ( Chzlomonas) with intermediate type of nucleus. 


c. Euglena viridis, with complete nucleus in early stage 
of division. 
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- Luglena viridis, with nucleus in anaphase of division. 


ee 


Ge 


9g. PREPARATIONS ILLUSTRATING THE DEVELOPMENT OF SPER- 


Io. 


IT. 


12. 


ee 


I4. 


15. 


me 


MATOZOA IN THE HeEmipTERA. Exhibited by F. C. 
Paulmier. 

PREPARATIONS ILLUSTRATING THE DEVELOPMENT OF THE 
SPERMATOZOA IN AmpuHiBiA. Exhibited by J. H. 
McGregor. 

PREPARATION SHOWING ALVEOLAR STRUCTURE OF PRo- 


TOPLASM IN THE Ecc. Exhibited by Prof. E. B. 
Wilson. 

SERIAL SECTIONS OF THE HEAD oF younc Doc-FIsH 
(Squalus acanthias). Prepared for the study of the 
Cranial Nerves. Exhibited by Dr. O. S. Strong. 

SEcTIONS OF GrowiNG Eccs or an Ascipian, Molgula 
manhattensis, Illustrating the Formation of the Albu- 
minous Food-material or Yolk. Exhibited by H. E. 
Crampton, Jr. 

PECULIAR STAGES IN THE MATURATION AND FERTILIZA- 


TION OF THE Ecc oF AN AscipIANn, Adolgula manhat- 
tensis. Exhibited by H. E. Crampton, Jr. 


ExuiBir OF CyTOLOGICAL PREPARATIONS, by Francis B. 
Sumner. 

a. Fertilization stage of Fundulus heteroclitus. Entrance 
of spermatozo6n. 

6. Abnormal amphiaster in periblast of Amduraus. A nu- 
clear division with no nucleus present. 

c. Degenerate mitoses. Transition to amitosis. 

Maps ANnpD DesiGNs oF BuILpINcs oF NEw York Zo- 
OLOGICAL SociETy. Exhibited by Prof. H. F. Osborn 
and W. T. Hornaday. 


PUBLICATIONS 
a , aé OF rae : e a wa 
"NEW YORK ACADEMY OF SCIENCES. — 


‘(Lyceum or Natorat History 1818-1876.] 


» The publications of the Academy at present consist of two 
eries—7he Annals (octavo) and The Memoirs (quarto). The 
Innals, which opened in 1824, contain: the scientific contribu- 
jons and reports of researches, together with the reports of 
neetings. The Transactions, in which the shorter papers and 
usiness reports have hitherto appeared, are now abolished and 
he matter appears in the Avnals. The complete volumes. of 
4ynals will hereafter coincide with the calendar year, and be- 
pinning with the volume now in press will appear on April 30, . 
August 31, and December 31. | 
| "The price of the Azaals will hereafter be one dollar per part 
three dollars per volume). By vote of the Academy, all pub- 
lications will be sent free to members. © : we, 
: Subscriptions and inquiries concerning current -and back 
numbers of any of the publications of the Academy should be .. 
addressed to the editor, zk pee: 
fare Sek eh ete os “GILBERT VAN INGEN, 

Columbia University, 
New York City. 


Ess Prices of PusiicaTions. a é 

Annals of the Lyceum (Vols, L=XL), . -- . per Vol., $5.00. 
Proccedinases 250) (Vols lly te a May 5.00, 
Trans. of the Academy (Vols. VT ae ah tee Sk: 38-00 
ue ec i (Vols ba Mi let elias 6.00. 
‘Memoirs « a rate TN, Licitdst Lye rey on ue ks 
Annals “ Pare NO RD ad wey gnc hon 5 Be on 300. 


CONTENTS OF VOL. XL PART L 


1.— Wilson, E.B. Considerations on Cell-Lineage and ahh . 
cestral. Reminiscence, based on a Re-examination of — 
Some Points in the Early re of Annelids 
and Polyclades. (Figs. 1-7), . Wo sb hes eR 


2.—Trowbridge, ©. ©, An “X- Ray. Detector’ a for Re- § 
~~. search Purposes, (Figs. 8-11), CN saat So ae 


3. Unread’: C.0. The Use of the Fluoroscopic Screen fg 
in Connection ae Réntgen Rays. (Figs. 124 ees 


4.—Lloyd, Francis E.On Hypertrophied Scale-Leaves ee 
Pinus Pendens. ‘(Plate 1), eso te ohana oar 


é 


: 5. Hollick, Arthur. Noteson Block Island. ‘(Plates IT Ix A 


¥ 


6,—Dudley, P. H. The Use of the Dudley “Stremmato: 
graph” in Determining Stresses in Rails under. Mag 4 
ing Trains. Seat X.-XIIL, oe Papi EN pete SL: Q. 


“APPENDIX. | mie 


a Pasi of the Fith Annual Reception an nd By it, A oe 
13, 14, 1898, : ib 
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